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METHOD AND KIT FOR DETECTING MEMBRANE PROTEIN - PROTEIN 

INTERACTIONS 



The present invention is concerned with a method for detecting membrane protein - pro- 
10 tein interactions with an in vivo genetic system based in yeast, bacterial or mammalian 
ceils. Furthermore, the invention provides a Icit for detecting the interactions between a 
first membrane protein and a second protein using reconstitution of a protein irwoived in 
intraceliuiar protein degradation such as the split ubiquitin protein. The reconstitution of 
split ubiquitin mai<es use of chimeric genes, which express hybrid proteins. 



An imports fa in biology is the analysis of interactions t}etween proteins. Proteins are 
complex macromoiecules made up of covalentiy iiniced chains of amino acids. Each pro- 
tein assumes a unique three-dimensional shape prindpaliy determined by its sequence of 
amino adds. Many proteins consist of smaller unite called domains, which are continuous 
20 stretehes of amino acids able to fold Independently from the rest- of -the protein (e.g. im^ 
munogiobuiin domains, immunogiobulin-liice domains. GTPase domains, SH2 and SH3 
domains). 

Interactions between proteins mediate most processes in a living cell. They are involved. 

25 Ibr example, in the assembly of en^me subuntts, antigen-antibody reaction, in forming 
the supramoiecuiar structures of ribosomes. filamente and viruses. A special and specific 
role can be attributed to membrane proteins. They ara involved in the transport of mole- 
cules; in the Interaction of receptors on the cell surface with growth factors and hor- 
mones; membrane-bound oncogene products can give rise to neoplastic transformation 

30 through protein-protein interactions with proteins called i<inases whose enzymatic activity 
on cellular target proteins leads to a cancerous state. Other examples of a protein-protein 
interaction in membranes occur when a virus infects a cell by recognizing a protein (re- 



2 



ceptor) on the surface, and this Interaction has been used to design antiviral agents. 
There are two types of transmembrane proteins: Type I transmembrane proteins have 
their C-tennlnus in the cytoplasm, whereas the Type 11 transmembrane proteins have 
their C-temilnus outside the cell (or In the Inner part of some other organelle, for example 
5 in the lumen of the endoplasmic reticulum). 

Protein-protein interactions have been generally studied in the past ten years by using 
biochemical techniques such as cross-linking, co-immunopredpitation and co- 
fractionation by chromatography. Biochemical methods have the disadvantage that inter- 
10 acting proteins are generally known as bands of a particular mobility on a polyacrylamlde 
gel. To progress from these bands to cloned genes is often a very tedious process. 

A genetic system that Is capable of rapidly detecting which proteins interact with a known 
protein, determining which domains of the proteins interact, and providing the genes for 

15 the newly identified interacting proteins has been developed in 1989 by Stan Relds and 
Ok-Kyu Song [Fields. S. and Song. O.- K.. Nature 340. 245-248 (1989)]. Their system, 
termed yeast two-hybrid system, is based on reoonstitution of a transcriptional activator 
and transcriptional activation of reporter genes. The yeast two-hybrid system Is a power- 
ful method for the in vivo analysis of protein-protein interactions, but is naturally limited to 

20 the analysis of soluble proteins or soluble domains of membrane proteins, i.e. Interactions 
between integral membrane proteins cannot be studied. In addition, the hybrid proteins 
are targeted to the nucleus where the interactions take place; Thus, the interactions that 
are dependent on post-translational modifications that teke place within the endoplas- 
matlc reticulum, such as glycosylatlon and disulfide bond formation, may not occur. 

25 

The split-ubiquitin system represents an altemative assay for the in vivo analysis of pro- 
tein interactions. It was developed In 1994 by Nils Johnsson and Alexander Varshavsky 
[Johnsson. N. and Varshavsky. A.. Proc. Natl. Acad. Sci. USA 91. 10340-10344 (1994)] 
for the detection of interactions between soluble proteins (Figure 1). Ubiqultin (Ub) Is a 76 
30 amino acid residue, single domain protein that Is present in cells either free or covalently 
linked to other proteins. Ubiqultin plays a role in a number of processes primarily through 
routes that involve protein degradation. In eukaryotes, newly formed Ub fusions are rap- 
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idly cleaved by ubiquitin specific proteases (UBPs) after the last residue of Ub at the Ub- 
polypepflde junction. The cleavage of a UB fUsion by UBPs requires the folded conforma- 
tion of Ub. When a C-termlnal fragment of ubiquitin (Cbl\^) Is expressed as a fUslon to a 
reporter protein, the fusion is cleaved only If an N-temiinal fifagment of Ubiquitin (NbM) is 
5 also expressed in tfie same cell. This reconstitution of native ubiquitin finom its firagments. 
detectable by the In Vivo cleavage assay, is not observed with a mutafionally altered 
NblM. However, If CbM and the altered NbM are each linlced to polypeptides that Interact 
in vivo, the deavage of the fusion containing CbM is restored, yielding a general^ appli- 
cable assay for detecting the protein-protein interac^ns (Figure 1). 

10 

The system was subsequentiy modified and shown to work wKh membrane proteins [1. 
Stagljar et al., Proa Natl. Acad. Sci. USA 95. p. 6187-6192, 1998)]. Three yeast mem- 
brane proteins of the endoplasmic reticulum have been used as a model system. Wbp1p 
and Ostip are both siibunits of the oligosaccharyl transferase membrane protein com- 

15 plex. The /Mg5 protein also localizes to the membrane of the ep<i: : ; nic retlculuav but 
does not interact with the oligosaccharyitransfsrase. Specific h& v ans were detected 
between Wbpip and Ostip. but not between Wbp1p and AlgSp. Therefore, tiie modified 
spiit-ublquitin system works as a detection system for Interactions involving membrane- 
associated proteins. In contrast to flie. conventtonal two-hybrid system, which requires 

20 nuclear locairzatfon, the interactions are detected In their natural environment of the pro^ 
tein of Interest. According to this prior art, the constructs used for establishing the spllt- 
ubiqultin system were designed for integration into the host genome. 

However, none of the aforementioned prior art suggests a genetic method that worics for 
25 the detection of in vivo membrane protein - cytosol protein interactions as well as for 
membrane protein - membrane protein interactions using transcriptional activation as an 
assay. Moreover, the above prior art showed poor reproducibility since the signal 
strength obtained largely depended on the site of integration of the constructs into tiie 
host genome. 

30 

It Is therefore an object of the present Invention to provide a method for detecting in vivo 
protein interactions of membrane proteins with membrane proteins as well as membrane 
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proteins with cytosollc (soluble) proteins which method Is li-ee of the weaknesses of the 
prior art. 

A further object of the present Invention Is to provide a method for the screening of R- 
5 braries ibr identifying molecules which may Interact with a membrane-bound protein. 

Yet another object of the present Invention is to provide a method which can be used to 
Identify compounds that aro capable of interfsring with protein-protein Interactions, 
wherein at least one protein of the interaction is a membrane bound protein. 
10 Yet another object of the present invention Is to provide a method which can be used in 
the identification/design of peptides capable of Interfering with protein-protein interac- 
tions, wherein at least one protein of the interaction Is a membrane botflid prot^. 

Yet another object of the present invention Is to provide a method which can be used in 
IS the Identiflcatlon/design of scFVs or antlbcd'" ? tt^at are capable of Interfering With protein- 
protein interactions, wherein at least one; , ' i:;^^;') of the interecdon Is a membrane twund 
protein. 

Yet another object of the present invention Is to provide a method which can be used to 
20 IdentHy compounds that bind to and activate G proteln^upied- receptors (GPGRs) or that 
selecHvely bind to and activate one GPCR but not another GPCR that Is coexpressed 
within the same cell. 

These and other objects are achieved by the present Invention, which provides a method 
25 according to daim 1, a Wt for detecting interactions between either two membrane pro- 
teins or one membrane and one cytosolic protein according to claim 9. and vectors ac- 
cording to claim 18 and 32. The method is based on the reconstitutlon of a protein in- 
volved in intracellular protein degradation, such as ubiquitin and which makes use of 
chimeric genes, which express hybrid proteins. Two types of hybrid proteins are pre- 
30 pared. The first hybrid contains a membrane protein of interest (bait) fused to e.g. the 
CblW-TDA module (containing C-tenninal domain of ubiquitin (CbM) followed e.g. by an 
artificial transcriptional activator (e.g. Lexl\/I-B42)). The second hybrid protein (prey) con- 
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tains e.g. an N-terminal domain of ubiquitin (NbM) fused to the second test protein. The 
prey protein can be eitfier a membrane protein or a soluble cytoplasmic protein. If two 
test proteins are able to interact, they reconstitute two separate ubiquitin domains into an 
active ubiquitin leading to the cleavage of the transcriptional activator and activation of 
5 the reporter system. 

One advantage of this method is that a multiplicify of membrane proteins can be simulta- 
neously tested to detemnine whether any Interact with a known protein. For example, a 
DNA fragment encoding the membrane protein of Interest (bait) is fused to a DNA fiag- 

10 ment encoding the CbM-LexM-B42 fusion. This hybrid Is introduced into the host cell 
(yeast bacterial or mammalian cells) carrying (a) marker gene(s). For the second partner, 
(prey), a library of plasmids can be constructed which may include, for example, total 
human comr^ementaiy DNA (cDNA) Hised to the DNA sequence encoding the N-terminal 
domain of Ubiquitin (NbM). This library Is Introduced into the yeast cells carrying bait 

IS protein. If any in^^'idual plasmid firom the library encodes a protein that is capable of In- 
teracting Witt-/ r^smbrane bait protein, a positive signal wiH be obteined. In addition, 
when an Interaction between proteins occurs, the gene for the newly identified protein Is 
available. 

20 The isystem further altows the identification of compounds which are capable of interfering - 
witii tiie protein/protein Interaction as described above. In such an approach, the method 
according to the invention is performed in the presence and absence of a compound and 
compound library, respectively, and It Is determined as to whether ttie presence of such a 
compound may alter flie signal obteined tor a positively measured protein/protein interao- 

25 tion in the absence of any compound to be tested. 

The system can be of value In the Identification of new genes. For example, membrane 
bound receptors may be Identified tiiat interact with a known membrane protein. Proteins 
Oiat interact with oncogene-encoded membrane proteins may be discovered, and these 
30 proteins will be of therapeutic value. 

The system can be used in ttie design of peptide/small molecule inhibitors. For example. 
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peptides/small molecules that interact with membrane-bound growth factor receptors can 
be identified and then tested in other systems for their abiiity to inhibit the signal trans- 
duction. Peptldes/smali molecules that bind to bacterial or viral membrane proteins can 
be identified and then tested in other systems for their ability to Inhibit these bacteria or 
5 viruses. 

TTie system can be used to test affinity reagents for protein purification. Peptides or pro- 
tein domains can be Identified that interact with the known membrane protein of interest 
and these may then be used in a purrfication protocol for the known protein. 

10 

The temi .NbM" as used herein refere to the N-temiinal portion of yeast ubiquitin, which 
encompasses amino adds 1-37 of yeast ubiquitin. „NbM" contains either the amino adds 
1-37 of wfld type ubiquitin, or the amino acids 1-37 of mutated ubiquitin where e.g. the 
amino acid Isoleudne at position 13 has been exchanged for any of the following amino 
Z5 adds: leudne. valine, alanine or glydne. or amino adds 1-37 of ubiquitin where the an*- 
no add Isoleudne at position 3 has been exchanged for any of the following amino adds: 
leudne, valine, alanine or glycine, or most preferably, amino adds 1-37 of ubiquitin where 
the amino acids isoleudne at position 3 and 13 have t>een exchanged for any of the fol- 
lowing amino acids: leudne. valine, alanine or glydne. 

•20 

The tsnn "CbM" as used herein refere to the C-termlnat portion of yeast ubiquitin, whtoh 
encompasses amino acids 35-76 of yeast ubiquitin or amino adds 35-76 of mutated 
ubiquitin, where e.g. the amino add lysine at position 48 has been changed to the amino 
add glycine using standard site-direded mutatgenesis techniques (following, for instance. 

25 directions described In the STIRATAGENE Quickchange Mutagenesis Kit. Stratagene, 
CA, USA). The exchange of lysine at position 48 fbr the inert glydne represents an im- 
portant advantage over other variations of the Spllt-ubiqultln technique (Dunnwald et al., 
1999. Johnsson & Varshavsky, 1994, Laser et ai., 2000; Stagljar et al., 1998, WIttke et 
a!., 1999) because It prevents modification of CbM via the attachment of ubiquitin mole- 

30 ties. The poly-ubiquitinatlon of unmodified CbM may interfere with the binding to NbM and 
may lead to the degradation of the bait polypeptide by enzymes of the ubiquitination 
pathway (Hershko & Ciechanover, 1 992). 
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The term "balf as used in this document defines a fusion of a polypeptide and one or 
more other polypeptides, one of which is a first protein sequence Involved In Intracellular 
protein degradation such as CbM. The bait can be used In the membrane-based yeast 
5 two-hybrid system {MbY2H system) to Investigate Interactions between said bait and one 
or several preys. 

The term "bait vector" as used In this document refers to a nucleic acid construct which 
contains sequences encoding "the bait' and regulatory sequences that are necessary for 
10 the transcription and translation of the encoded sequences by the host cell, and prefera- 
bly regulatory sequences that are needed for the propagation of the nucleic acid con- 
struct in yeast and E. .coli. Preferably the "bait vector also encodes the activator of the 
host reporter gene(s). 

15 The term "prey" as used in this document defines a fusion between ::^o|ypeptide and 
one or more other polypeptides, one of which Is a second protein c f - x - 39 involved in 
intracellular protein degradation such as NbM. NbM may be either wild type NbM or a 
mutated version of NblVI, where one or several of Its amino adds have been replaced by 
other amino adds, as described in detail for "NbM" above. 

20 

The terms "prey vector" and "library vector* as used herein refer to a nudeic acid con- 
struct whidi contains sequences encoding the "prey" and regulatory sequences that are 
necessary for the transcription and translation of the encoded sequences encoding by the 
host cell, and preferably regulatory sequences that are needed for the propagation of the 
25 nucleic add construd in yeast and E. coli. 



The term "Split-ublqultin" as used herein refers to quasi-native yeast ubiquitin assembled 
30 ftom noncovalently linked NbM and CbM, which have been brought Into close spatial 
proximity by the interaction of two unrelated polypetldes that are fused to CbM and NbM, 
respectively. Split-ubiquitin Is recognized by ubiqultin-speclfic proteases present In the 
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yeast cell, which attack the polypeptide chain C-terminal to the double glycine motif in 
CbM. The proteolytic cleavage leads to the breakage of the polypeptide chain after the 
double glydne motif. 

5 The term "transacllvator polypeptide" or "activator" as used in this document refers to any 
polypeptide that possesses the ability to activate the "reporter gene" of the host cell. e.g. 
by recoiitlng and activating the RNA Polymerase II machinery of yeast. Preferably, the 
transactivator polypeptide Is ttie Herpes simplex virus VP16 protein and most preferably, 
it is tiie acidic B42 domain. 

10 

The term 'LeXM" as used In this document refers to the nucleic add sequmce encoding 
the bacterial repressor protein LexA or its translation product, where the sequence may 
either encode tiie wild type LexA sequence or a mutated LexA sequence where tiie 
amino add ai^lnine at position 157 has been replaced by a glycine or where tiie amino 
15 add arginine at position 159 has been replaced hv glutamate or glycine, or any combina- 
tion of tiie two munitions. 

The term Gall -74 as used In tills document refers to tiie nucleic add sequence encoding 
the yeast protein Gal4. corresponding to amino adds 1-74 of its translation product 

20 

The term Gall -93 as used In tills document refers to the nudeic add sequence encoding 
tiie yeast protein Gal4, corresponding to amino adds 1-93 of Its translation product 

The term 'artificial transcription factor as used in this document refers to a hybrid protein 
25 consisting of (1) a polypeptide with tiie lnb-lnslc ability to bind to a defined nudeic acid 
sequence, such as tiie bacterial repressor protein LexA or the yeast Gal4 protein or tiie 
Dmsophlla melanogaster pro\sins Ubx and abd-A and (2) any transacHvator polypeptide, 
as defined above. 

30 The term "TDA" as used In this document refers to a nucleic add sequence or its transla- 
tion product, comprising tiie following elements: (1) an epitope tag whrch allows tiie im- 
munological detection of tiie polypeptide by means of an antibody directed specifically 
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against the epitope, such as HA tag, SxFLAG tag, 3xMyc tag. (2) an artificial transcription 
factor. 

The term "reporter strain" as used In this document refers to any host that contalnes at 
S least one "reporter gene" such as a yeast strain that contains nucleic add constructs, ei- 
ther integrated Into Its genome, or as autonomously replicating elements, that produce a 
signal upon activation by the activator, e.g. by conferring the ability to grow on selective 
medium when activated or leading to ceil death or cell cycle anest when activated or 
leading to production of enzymes such as n-gaiactosidase. Preferably, the host cell 
10 comprises more than one reporter gene. 

The term "reporter gene" as used in this document raters to a nucleic acid sequence 
comprising the following elements: (1) a binding site for an artifical transcription factor, (2) 
a minimal promoter sequence, which may be any sequence derived from a yeast pro- 

15 meter, but which prf?fJ5r^bly Is any of GAL1 promoter, GAL2 promoter, CYC1 promoter, 
SP01 promoter, F « : remoter, (3) a nucleic acid sequence encoding a polypeptide 
which can be selected for or against In yeast or which has an enz^atic activity that can 
be measured using an appropriate assay, such as HISS, ADE2, URA3, FAR1 , lacZ, and 
(4) a tenninator sequence from a yeast gene, such as CYC1 or ADH1. The nucleic acid 

20 sequence may be integrated into the genome of a yeast reporter strain or it may supplied 
on an autonomously replicating plasmid. 

The tenn "PARI" refers to the nucleic add sequence encoding the yeast PARI gene or to 
its gene product, where the amino add serine at position 87 has been replaced by the 
25 amino add proline in order to stabilize the protein and prevent its degradation by tfie 
proteasome madiinery for yeast 

The term "5-FOA" as used in this document refers to the compound 5-fluoroorotic add, 
which may be converted into toxic metabolites by the action of the URA3 gene product. 
30 leading to cell death. 
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As used herein, Urst membrane bound protein or part thereof refers to a protein which is 
bound to or integrated into the membrane of cells such as the type i and type II trans- 
membrane membranes or the so-<:aiied "selfactivators" which are soluble proteins having, 
however, been modified by the attachment of e.g a myristylatlon site, which site attaches 
5 the soluble "seifactivator" to the cell membrane, in the context of the present invention, 
any "parT of such protein can be used as long as it is capable of being attadied to the 
membrgtfie and capable of interacting with the second protein strongly enough so that 
split-ubiqultin Is formed. 

10 As used herein, the "second protein or part theraoT refers to a protein which can hiteract 
with the "^rst membrane bound protein or part thereof and which protein can be also a 
membrane bound protein or a soluble protein. In the context of the present invention, a 
part of such protein is sufficient as long as it is capable of interacting virith the first mem- 
brane bound protein or part thereof, strong enough that split-ublqultin is formed. 

>'irst protein sequence involved in intracellular protein degradation" and "second protein 
sequence Involved in intracellular protein degradation" means parts of a protein which, 
when brought together in a host cell. e.g. by the interaction of the firat protein to be tested 
and the second protein to be tested, reconstitutes a structure which is capable of activat- 
20 ing an intracellular protein degradation machinery such as the ubiquitin-depending prote- 
ases. 



A method for detecting the interaction between a first membrane protein and a second 
25 (membrane or soluble) protein is provided in accordance to the present Invention which 
method comprises the following steps: 

(a) providing a host ceil conteining at least one detecteble gene (reporter gene) having 
a tjinding sKe for a transcriptional activator, such that the detectable gene expresses 
30 a detectable product, preferably a protein, when the detectable gene is transcrip- 

tionally activated; 
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(b) providing, as part of a bait vector, a first chimeric gene capable of being expressed 
in said host celi, the first chimeric gene coding inter alia for a first membrane protein 
or part thereof which gene is attached to the DIMA-sequence of a first module en- 
coding inter alia a first protein sequence involved in intracellular protein degradation 
S and a transcriptional activator, said first protein or part thereof to be tested whether it 

can Interact with a second protein or part thereof^ 



(c) providing, as part of a prey vector, a second chimeric gene capable of being ex- 
pressed In said host cell, the second chimeric gene coding inter alia for a second 

10 protein or part thereof which Is either membrane bound or soluble and which gene is 

attached to the DMA sequence of a second module encoding inter alia a second 
protein sequence involved In Intracellular protein in degradation; and 

(d) introducing the bait vector and the prey vector Into the host celi such that an interao- 

15 tlon between the expressed first and second protein and/or their parfrf^ -'-f '^ake, ^ 

place, which interaction leads to an interaction of the first protein sc of the ^ 
first module and the second protein sequence of the second module wnicn interac- 
tion In turn leads to activation of an intracellular protease and proteolytic separation 
of the transcriptional activator, at least one of fiie bait and prey vectors, preferably 

20 both, being suttabte for being mainteined episomaUy. 



The method is set up in yeast, preferably in Schizosact^aromyces pombe, most prefera- 
bly in the budding yeast Sacctiaromyces cerevlsiae, but can be set up as well in bacteria 
such as Escherichia coli and mammalian cell systems. The host cell contelns a detect- 
25 able gene having a binding site for a transcriptional activator, preferably TDA, such that 
the detecteble gene expresses a detectable protein when file detectable gene is tran- 
scriptionally activated. 

The first chimeric gene is provided which is capable of being expressed in tiie host cell. 
30 The first chimeric gene contains a DNA coding for a first membrane protein fused to TDA, 
and a first protein sequence involved in intracellular protein degradation, such as CbM. 
This first protein is then tested for interaction wifli a second protein or protein fragment 
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A second chimeric gene is provided wliich is capable of being expressed in the host cell. 
The second chimeric gene contains a DNA sequence that encodes a second hybrid pro- 
tein. The second hybrid protein contains e.g. an N-temilnal domain of Ubiquitin (NbM). 
5 The second hybrid protein also contains a second protein or a protein fragment which is 
to be tested for Interaction with the first protein or protein fragment The second hybrid 
protein may be encoded In a library of plasmlds that contain genomic, cDNA or syntheti- 
cally generated DNA sequences Hised to the DNA sequence encoding the N-terminal 
domain of Ubiqultin (NbM). The interaction between the first membrane protein and the 

10 second protein In the host cell, therefore, causes the cleavage of the transcriptional acti- 
vator that activates transcription of the reporter gene(s). The method may be carried out 
by Introducing the first chimeric gene and the second chimeric gene into a yeast reporter 
strain. The host ceil Is subjected to conditions under which the first membrane protein 
and the second protein are expressed in sufficient quantify for the reporter gene to be 

IS activated. The cells arB then tested for the expression of a reporter gene, which is acti- 
vated to a greater degree than in the absence c • m^on between the first protein 
and the second protein. 

In this way interactions between a first membrane protein and a library of proteins can be 
. 20 ..tested- For example, the first membrane protein may be derived firom a bacterlsd menn- 
brane protein, a viral membrane protein, an oncogene-encoded memfcNfane protein, a 
growth-factor receptor or any eukaryotic membrane protein. The second protein may be 
derived from a library of plasmlds as described above. 

25 The method of the present Invention may be pracBoed using a kit for detecting interaction 
between a first membrane protein and a second protein comprising the following ele- 
ments: 

(a) a host cell containing at least one detectable gene (reporter gene) having a binding 
30 site for a transcriptional activator, such that the detectable gene expresses a de- 

tectable product, preferably a protein, when ttie detectable gene is transcriptionally 
activated; 
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(b) a first vector (bait) comprising a first site capable of receiving a first nucleic acid 
coding for a first membrane protein or part thereof such that when the first nucleic 

• acid is inserted it becomes attached to the DNA sequence of a first module enco- 
S ding inter alia a first protein sequence involved in intracellular protein degradation, 

the module further comprising a nucldic acid for a transcriptional activator; 

(c) a second vector (prey) comprising a second site capable of jreceiving a sgcotkI 
nucleic acid coding for a second membrane protein or a soluble protein or part the- 

10 reof such that when the second nucleic add is inserted it becomes attached to th.e 

DNA sequence of a second module encoding inter aiia a second protein sequence 
involved in intracellular protein degradation: and optionally 



(d) a plasmid library encoding second proteins or parts thereof. 



The kit may include a ; ^.: 'fsr. vectors and a host cell. The vectors for the membrane 
based detection system- -f yitide the bait vector and prey vector and optionally a plasmid 
library, such vectors are for example shown in Figure 2 as vector (p-Y-CbM-TDA), that 
allows to assay any Type I transmembrane protein (Y), contains a weak yeast promoter 

20 selected from the group consisting of the ADH promoter, CYC1 promoter and TEF pro^ 
moter, followed by unique restriction sites for inserting a DNA sequence encoding a 
membrane protein in such a manner that the first protein is expressed as a fusion to the 
CbM-LexM-B42 portion. The first vector also contains a terminator sequence which is 
necessary to terminate the transcription of a given membrane protein. The first vector in 

25 one embodiment does not include a sequence that allows its replication in yeast, but 
preferably conteins sudi a sequence an alternative embodiment, allowing episomal impli- 
cation of the vector. This vector may be an integrative vector tiiat has to be stable inte- 
grated in tiie yeast genome. Also included on the first vector is a first maricer gene (e.g. 
LEU2), tiie expression of which in the host cell permits selection of cells containing tiie 

30 first marker gene from cells that do not contain the first marker gene. 



A second vector (e.g. pTDA-CblW-Y), that allows to assay any Type II transmembrane 
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protein (Y), contains e.g. a wealc yeast promoter selected finom the group consisting of 
llie ADH promoter, CYC1 promoter and TEF promoter, foilowed by unique restriction 
sites far inserting a DNA sequence encoding a membrane protein in such a manner that 
the first prY)tein is expressed as a flision to L6xM-B42-CbM portion (Figure 2). Note that 
5 there is an inverted orientation of the transcription factor fUsed to the TDA portion. The 
second vector might also contain a tenninator sequence which Is necessary to terminate 
the transcription of a given test membrane protein. The second vector. In a first emtMdi- 
ment does not include a sequence that allows its replication in yeast. However, a sec(»id 
embodiment includes a sequence whidr allows episonal replication of the vector. As the 
10 first vector, this vector may be an integrative vector that has to be stable integrated in the 
yeast genome. Also included on the second vector is a martcer gene (LEU2), the expres- 
sion of which in the host cell permits selection of ceils containing the first martcer gene 
from cells that do not contain the first marker gene. 

15 / ' :!lrd Vector (e.g. pX-HA-NbM) that allows the cloning of the prey protein (X) that may 
.. r, ^iansmembrane protein or soluble (cytoplasmic) protein (Rgure 2). The test protein 
may be encoded in a library of plasmids that contain genomic, cDNA or synthetically 
generated DNA sequences fused to the NbM domain. The third vector also Includes a 
prximoter prsfer^ly selected linom the group consisting of the ADH promoter. CYC1 pro- 

20. motor and TEF promoter, and does indude a transcrfptiori termination sigrial to direct 
transcription. It also Includes a DNA sequence that encodes the N-tormlnal domain of 
Ubiquitin (NbM) and a unique restriction site to insert a DNA sequence encoding the sec- 
ond protein or protein fragment into ttie vector. Thus, the third vector allows the cloning of 
the protein as an N-terminai Hislon to the NbM domain. The third vector further preferably 

25 Includes a means ibr replicating iteelf In the host cell. i.e. yeast or bacteria. It also in- 
cludes a second mariter gene such as (TRP1), the expression of which in the host ceil 
permits selection of ceils containing the second mari<er gene from cells that do not con- 
tain the second marker gene. 

30 A fourth vector (pNbM-HA-X) allows the cloning of the prey protein (X), a transmembrane 
protein or soluble (cytoplasmic) protein, as a C-terminai fusion to the NbM domain (Figure 
2). The fourth vector also includes a promoter preferably selected from the group con- 
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sisting of the ADH promoter, CYC1 promoter and TEF promoter, and transcription termi- 
nation signal to direct transcription. It also includes a DNA sequence that encodes the N- 
terminal domain of ubiquitin (NbM) and a unique restriction site to insert a DNA sequence 
encoding the second protein or protein firagment into the vector. The fourth vector further 
5 preferably includes a means for replicating itself in the host cell and in bacteria, it also 
includes a second marker gene (such as TRP1). the expression of which in the host cell 
pemiits selection of cells containing the second marker gene fipom ceils that do not con- 
tain the second marker gene. 

10 

While vectors published by Stagijar et al. [Proc. Natl. Acad. Sd. USA 95, 5187-5192 
(1998)] enabled the expression of the yeast Wbpip, Ostip and AlgSp only, the nevtrly 
designed vectors enable now the cloning of any desirable membrane "baif protein into 
e.g. pCbM-TDA and pTDA-CbM, and any desirable "prey" protein or a genomte/cDNA 
15 library into e.g. pNbM-HA-X or pX-IHA-NbM vectors. For easy immunolc^ica! d^ lo^^'on 
pNbM-HA-X and pX-HA-NbM are tagged with a haemaglutinine(HA) epitope. \::usiDfs 
were confirmed by DNA sequencing. 

The kit includes a host cell, preferably a yeast or bacterial strain that a}ntains a detect- 
20 able gene having binding sites for the artificial transcription factor such as PLV. The 
binding site is positioned so that the reporter gene expresses a reporter protein when two 
proteins (the first protein and ttie second protein) properly interact in this system. The 
host cell, by itself, is incapable of expressing a protein having a flinction of the first 
mariner gene (LEU2), the second mariner gene (TRP1), the CbM-TDA portion, or the HbM 
25 domain. 

The basic strategy of the testing method is shown in Figure 1. The method is based on 
the previously developed split-ubiquitin technique. The split-ubiqultin technique is based 
on the ability of NbM and CbM, the N- and C-temninal halves of Ub, to assemble Into 
30 quasi-native Ubiquitin. Ubiquitin-specific proteases (UBPs), which are present in all 
eukaryotic cells, recognize the reconstituted UbiqulUn, but not Its halves, and cleave the 
Ubiquitin moiety off a reporter protein that had been linked to NbM or CbM, preferably to 
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the C terminus of CbM. Quite In analogy to the two-hybrid system, the liberation of the 
reporter serves as a readout Indicating the reconstructfon of Ubfqultln. The assay is de- 
signed In a way that prevents efficient association of NbM and CbM by themselves, but 
allows it if the two Ubiqultln halves are separately linked to proteins that interact In vivo. 

5 

Figure 3A schematically Illustrates two test membrane proteins, Y and X. The first chi- 
meric protein contains the Type I transmembrane bait protein Y fused to the CbM-TDA 
portion resulting In Y-CbM-TDA protein. The second chimeric protein contains a second 
Interacting protein X (here depicted as a membrane protein) fused to the NbM domain 
10 called X-NblW. Neither of these proteins. Y-CbM-TDA and X-NbM. is able to activate tran- 
scription. 

Figure 3B. The Interaction of proteins Y and X, results In reassoclation of NbM and CbM 
to form split-ubiquitin. Split-ubiqultin is recognized and cleaved by the ubiquitin specific 
15 proteases (UBPs) (open scissors), liberating TDA. The ' can enter the nucleus by 
diffusion and bind to the LexA-binding sites, leading to at ivation of transcription of the 
lacZ and HIS3 reporter genes. This results in blue cells in the presence of X-gal and 
growth of the cells on agar plates lacking histidine. 

20 . Figure 3C. Schematical Illustration of the interaction between a Type II bnansmembrane 
protein (Y) and a cytoplasmic protein (X), The first chimeric protein contains the bait pro- 
tein Y fused to the TDV-CbM portion resulting in TDA-CbM-Y protein. The second chi- 
meric protein contains a second interacting protein X (here depicted as a (^opiasmio 
protein) fused to the NbM domain called NbM-X Neither of these proteins, TDA^bM-Y 

25 and NbM-X, Is able to activate transcription. The interaction of proteins Y and X. as illus- 
trated In FIgura 3c. results in formation of split-ubiquitin. Split-ubiquitin Is recognized and 
cleaved by the ubiquitin specific proteases (UBPs) (open scissors), liberating TDV-CbM. 
The TDV-CbM can enter the nucleus by diffusion and bind to the LexA-binding sites 
leading to activation of transcription of the lacZ and HIS3 reporter genes. This results in 

30 blue cells in the presence of X-gal and growth of the cells on agar plates lacking histidine. 
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Rgure 4A. Construction of yeast genomic DNA libraries In pX-HA-NbM and pNbM-HA-X 
vectors. Yeast genomic DNA is Isolated from the wild type yeast strain and cleaved by 
restriction endonuclease Sau3A, or is random sheared by sonicatlon. DNA fragments 
ranging in size from 0.5-3 kb (blue boxes) are selected and cut out from the agarose gel, 
5 and ligated into pX-HA-NbM and pNbM-HA-X treated with BamHI and calf intestine alka- 
line phosphatase. The ligated DNA is fransformed in E. coli and plasmid DNA is isolated 
and pooled togetlier. Yeast genomic DNA library prepared in this way can than be trans- 
fomried in the yeast reporter strain expressing a bait protein of interest (Y) fused to CbM- 
TDA portion. 

10 

ngure4B. Construction of cDNA libraries in pX-HA-NbM and pNbM-HA-X vectors. Total 
mRNA is isolated from a certain cell line, tissue or organism, and is converted into cDNA 
via action of reverse transcriptase. The appropriate linkers are ligated to cDNA mole- 
cules, which are then introduced into a specific unique restriction site located in the MCS 
15 ofpX-HA-NbMandpNbM-HA-Xplasmlds. 

Figure 5. Library transfomiaiion by the niating procedure. In this screening approach one 
CbM-TDA-fused bait X is soeened against an entire library and positives are selected 
based on their ability to grow on selection plates. Diploids that have survived selection in 
20 the library screening are pidced up and the library plasmkJs encoding the interacting prey 
are isolated and sequenced In order to identify the Interacting protein. As specified In the 
section X, the libraries can be made either from random genomto or cDNA linagments or 
from full-length ORFs that are cloned separately and then pooled. 

25 Figure 6. Possible outcomes of the MbY2H screen. A. Bait and prey protein do not inte- 
ract in yeast In this case, no reconsb'tut'on of NbM and CbM will take place and no spllt- 
ubiquitin will be formed. Since no splitHibiqultin Is fbnined. the transcriptional activator 
polypeptide will not be cleaved off by ubiquitin-specific proteases and the transcriptional 
activator polypeptide is unable to reach the nucleus of the yeast cell. As a consequence, 

30 the reporter genes of ttie yeast fransformant are not activated and will not produce any 
reporter protein. Therefore, ttie respective yeast transformant will be unable to grow on 
the selective medium. B. Bait and prey do Interact. On Interaction between bait and prey 
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proteins, ubiquitin reconstitutlon occurs and leads to the proteolytic cleavage and subse- 
quent release of a transcription factor which triggers the acUvatlon of a reporter system. 
Consequently, the respective yeast transformant will be able to grow on the selective 
medium and will appear as isolated yeast colonies after 3-5 days incubation at 30"C. 

5 

Figure 7. General daig screening using the MbY2H technology. In this experimental de- 
sign, the HIS3 reporter is used for positive selection, while URA3 Is used for counterse- 
fectlon. Interaction between two membrane proteins X and Yresults In reconstitutlon of 
quasi native ubiquitin and. consequently, in growth on medium lacking histidine. but le- 

10 thality on medium containing 5-FOA. a toxic metabolite of the uracil pathway. Following 
the screening with (i) a complex random chemical library, (li) peptide library encoded by a 
plasmid. (Hi) a peptide present in medium, (iv) minimal interaction domain expressed from 
the plasmid In yeast, or (v) a single chain antibody selected from the pool of antibodies 
fused to NbM, (i-v are collectively called drugs), drugs are selected that render the yeast 

15 cells to be £//a3- or S-FOA"* and ft/s3. (e.g. they do not grow on selective medium lacking 
urfi >7 are resistant to 5_FOA and they do not grown on selective medium lacking 
histidine). 

Figure 8. Demonstration of the importance of promoter/origin of replication choice in the 
20 MbY2H system." Yeast strain YG673 (bearing the endbgehously integrated yeast Wbp1 - 
CbM-PLV bait protein) was transfomied with the pAlg-5-NbMG prey plasmid under 
control of the strong yeast ADH promoter finom either the 2m- (high-copy) or CEN/ARS- 
(low copy) plasmid. In the case of ADH promoter/2p on combination, overexpression of 
the Alg5p resulted in the high expression of the HIS3 and lacZ reporter genes. However, 
25 when Alg5p was expressed under control of ADH promoter from the low copy number 
vector (CEN/ARS). no activation of the reporter genes was observed. As the positive 
control, an interacHng Swp1 p was used. 

The system Is dependent on a number of conditions to property carry out the method of 
30 this Invention. The first interacting Gbalf) protein must be an Integral membrane protein, 
a membrane-associated protein, or it may be artificially attached to tine membrane using 
e.g. fatty acid modification. The bait protein carrying CbM-TDA may not be overex- 
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pressed since overexpression would result In false-positives. We found that a soluble 
CbM-TDA results in gene activation without the need for any NbM. Therefore, the bait 
fusion protein has to be anchored to the lipid bilayer in order to test for interactions. Solu- 
ble proteins of interest might be' tested by fusing them to a membrane protein anchor. In 
5 addition, the CbM-TDA and NbM domains must be located in the cytoplasm, othen/vise 
the cleavage of the PLV portion cannot occur since UBPs are located only in the (Oo- 
plasm of the yeast cell. 

Bait vectors 

10 

Bait vectors are piasmid constructs which preferably contain the following fsatures: 

(1) A selection marlcer for propagation of the plasmids in E. coif, which preferably is an 
expression cassette encoding the kanamycine resistance gene, but whidi may also be an 
expression cassette encoding the amplcillln resistance gene or the chloramphenicol re- 

15 sistance gene. In fact, any other marker that is selectable in E. coll may be used f^ -ii-l:> 
purpose. 

(2) An origin of replication that allows propagation of the plasmids in E. coll, such as a 
pUC based or pBR322 origin of replication, but preferably an origin of replication that al- 

' 20 ' lows the ptasmid to be propagated in E. coli at a high copy number. 

(3) A selectton marker for propagation of the plasmids in S. cerevisae, which preferably is 
an expression cassette encoding the LEU2 gene, but which may also be any other mar- 
ker that is selectable In S. cerew'sae. 

25 

(4) A CEN/ARS origin of replication which allows propagation of tiie plasmids in S. cere- 
visae at a low copy number (usually 1-2 copies per cell). The use of a CEN/ARS origin of 
replication is crucial to the MbY2H system since it ensures that the bait polypeptide Is 
expressed at a very low level. High level expression of tiie bait polypeptide in yeast will 

30 lead to the activation of the reporter genes (so-called self-activation, compare for instance 
self-activation in the yeast two-hybrid system ((Fields & Song, 1989, Golemis et al., 
1999), (Serebriiskli & Golemis, 2001), Clontech MATCHMAKER System 3 User Manual). 
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(6) An expression cassette, preferably contains the elements as follows: 

(1) A promoter that confers low level expression, such as a CYC1 promoter or prefe- 
rably a CUP1 promoter which Is Inducible by the addition of copper to the medium 

5 (Angermayr et al.. 2000, Macreadle et al.. 1989). The use of an Inducible promoter has 
the following advantages: a) when Induced, It leads to overexpresslon of the bait poly- 
peptide In yeast b) when not Induced, the promoter only produces a very tow level of bait 
polypeptldB, which ensures proper InserOon of the bait polypeptide Into the membrane of 
the yeast cells and prevents problems of self-adlvation that are connected to the ove- 
10 rexpresslon of the bait polypeptide. The use of an Indudble promoter represents an im- 
portant advantage since it allows verification of correct expression and subsequent library 
screening to be carried out using the same bait construct 

(2) A nudeic acid sequence encoding a leader which may be a signal sequence derl- 
15 ved ftom a yeast Integral membrane protein such as STE2 {Os^rfon & Blumer. 2000) or a 

signal sequence which confers fatly acid modification tc ' tiowing polypeptide (N- 
MGCTLSAEDKPGGP-C) which is In the same reading frame as the reading firame of the 
signal sequence (Angemiayr et al., 2000. Wolven et al.. 1997). 

20 (3) A muftlple cloning site containing one or several recognition sites for restriction 
enzymes which allow the Insertion of a nucleic acid encoding a protein or a protein frag- 
ment or a polypeptide, and sequences flanking a defined recognition site for a restriction 
endonudease, preferably the restriction endonudeases Sfti / or Eco^r ///, which are used 
to Insert a nudeic add sequence encoding a protein or protein fragment or a polypeptide 

25 established in vivo recombination method as described above. 

(4) A nudeic add sequence encoding the C-termlnal open reading firame of yeast u- 
biqutin (CblVI). encompassing amino adds 35-76 (for amino add numbering of ubiquif n 
and exact explanation of ubiqultin fragments, see (Johnsson & Varshavsky, 1994). 

30 

(6) The expression of the bait polypeptide can then be easily verified using standard 
procedures such as detection by immunoblot using a specific antibody directed against 
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either e.g. the Gal4, LexM, B42 or VP16 moieties (see below), or preferably, against the 
SxFLAG, 3xMYC or IHA epitopes that are present In the bait fusion. The vector contains a 
nucleic add sequence encoding an epitope tag. which can be either the 3xFlj\G epitope 
(Chubet & Brizzard, 1996. Heman et al., 2000). the 3x MYC epitope (Evan et al., 1985), 
5 or any other sequence encoding a polypeptide that can be detected by any means, such 
as Immunoblotting, A nucleic acid sequence encoding another epitope tag, such as the 
hemagglutinin epitope tag (Wilson et al., 1984). may also be present. 

(6) A nucleic acid sequence encoding a polypeptide with the ability to specifically bind 
10 to a defined nucleic add sequence, which can be the sequence encoding the bacterial 

LexM protein (Fogh et al., 1994), or preferably, the sequence encocfing the yeast Gal4 
protein (Gardner et al., 1991, Pan & Coleman, 1989). preferably the sequence encoding 
amino acids 1-93 of the yeast Gal4 protein, or most preferably, the sequence encoding 
the yeast Gal4 protein, amino adds 1-74. 

15 

(7) A nucleic add sequence : .ng a tanscrfptional acHvator domain, such as the 
Herpes simplex vims protein VP16 (Shen et al., 1996, Wu et al., 1994) or more prefe- 
rably, ttie acidic domain B42 (Hughes et al., 1996). 

20 (8) A CYC1 or ADH1 terminator sequence. 

Description of preferred bait vectors: 

(1) pCblW-TDA is a low copy yeast/E. coll shuttle vector carrying a CYC1 promoter for 
low level expression In yeast, followed by a multiple cloning site encoding several re- 

25 cognition sites for restriction endonucleases, which can be used to insert a nucleic acid 
encoding the polypeptide of interest The multiple cloning site is followed by a nucleic 
acid sequence encoding amino acids 36-76 of yeast ubiqultin (CbM), followed by a se- 
quence encoding the 3xFLAG epitope, followed by the sequence encoding the bacterial 
LexM protein, followed by the sequence encoding the Herpes simplex virus VP16 protein, 

30 followed by a CYC1 temninator. The backbone of the plasmid contains the LEU2 gene for 
selection in yeast, the kanamyclne resistance cassette for selection in E. coll, the 
CEN/ARS origin of replication for propagation in yeast and the pUC origin of replication 
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for propagation in E. coll. This vector is suitable for the low level expression of CbM-fused 
polypetides In yeast, due to the combination of a weak CYC1 promoter and a CEN/ARS 
origin of replication, which results In low copy numbers of the plasmid In yeast (usually 1- , 
2 copies per cell). 

5 

(2) pQbM-TDA Is a low copy yeast/E. coll shuttle vector carrying a CYC1 promoter for 
low level expression in yeast, followed by a multiple cloning site encoding several re- 
cognition sites for restriction endonucleases, which can be used to Insert a nucleic add 
encoding the polypeptide of interest The multiple cloning site Is followed by a nucleic 

10 acid sequence encoding amino adds 36-76 of yeast ubiqultin (CbM), followed by a se- 
quence encoding the 3xMYC epitope, followed by the sequence encoding the bacterial 
LexM protein, Itoliowed by the sequence encoding the Herpes simplex vims VP16 protein, 
followed by a CYC1 terminator. The backbone of the plasmid contains the LEU2 gene for 
selection In yeast, the kanamydne resistance cassette for selection In E. coll, the 

15 CEN/AR5; nigin of replication for propagation in yeast and the pUC origin of replication 
for propane m E. coll. This vector is suitable for the low level expression of CbM-fused 
polypetides In yeast, due to the combination of a weak CYC1 promoter and a CEN/ARS 
origin of replication, which results In low copy numbers of the plasmid In yeast (usually 1- 
2 copies per cell). 

20 

(3) pMP-CbM-TDA is a low copy yeast/E. coil shuttle vedor carrying a CYC1 promo- 
ter for low level expression in yeast, followed by a nudeic acid sequence encoding the N- 
MGGTLSAEDKPGGP-G signal sequence for fatty acid nrwdlfication, followed by a mul- 
tiple cloning site encoding several recognition sites for restriction endonudeases, which 

25 can be used to insert a nudeic add encoding the polypeptide of Interest The multiple 
cloning site Is followed by a nucleic acid sequence encoding amirio adds 35-76 of yeast 
ubiqultin [CbM), followed by a sequence encoding ttie 3xMYC epitope, followed by flie 
sequence encoding Uie bacterial LexM protein, followed by the sequence encoding the 
Herpes simplex virus VP16 protein, followed by a CYC1 terminator. The backbone of the 

30 plasmid contains the LEU2 gene for selection In yeast, ttie kanamydne resistance cas- 
sette for selection in E. coll, ttie CEN/ARS origin of replication for propagation in yeast 
and the pUC origin of replication for propagation in E. coll. This vector Is suitable for tiie 
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low level expression of CbM-fused polypetides in yeast, due to tlie combination of a weak 
CYC1 promoter and a CEN/ARS origin of replication, which results In low copy numbere 
of the plasmid In yeast (usually 1-2 copies cell). 

5 (4) pCUPI-CbM-TDA is a low copy yeast/E. coll shuttle vector canying a CUP1 pro- 
moter for inducible expression In yeast, followed by a multiple cloning site encoding seve- 
ral recognition sites Ibr restriction endonucleases, which can be used to Insert a nucleic 
acid encoding the polypeptide of interest. The multiple cloning site is fbllowed by a nuc- 
leic add sequence encoding dmino acids 35-76 of yeast ubiquitin (CbM), fbllowed by a 

10 sequence encoding the SxFLAG epitope, followed by the sequence encoding the bacteri- 
al LexM protein, followed by the sequence encoding the Herpes simplex virus VP16 pro- 
tein, followed by a CYC1 terminator. The backbone of the construct contains the LEU2 
gene for selection in yeast, the kanamydne resistance cassette for selection in E. coli. 
the CEN/ARS origin of replication for propagation In yeast and the pUC origin of repllcati- 

15 on for propagation In E. coli. This vedor is suitable for the inducible expression of CbM- 
fUsed polypeptkies in yeast, due to the combination of an indudble CUP1 promoter and & 
CEN/ARS origin of replication, which results in low copy numbers of the constnid in 
yeast (usually 1-2 copies per cell). 

20 (5) pMP-CbM-TDA is a low copy yeast/E. coli shuttle vector canying a CYC1 promo- 
ter for low level expression in yeast, followed by a nucleic add sequence encoding the N- 
MGCTLSAEDKPGGP-C signal sequence for fatty add modiflcation, followed by a mul- 
tiple cloning site encoding several recognition sites for restridlon endonudeases, which 
can be used to insert a nudeic acid encoding the polypeptide of interest The multiple 

25 cloning site is followed by a nucleic add sequence encoding amino acids 35-76 of yeast 
ubiquitin (CbM). foltowed by a sequence encoding the 3xMYC epitope, followed by the 
sequence encoding the baderial LexM protein, followed by the sequence encoding the 
Herpes simplex virus VP16 protein, followed by a CYC1 tennlnator. The backbone of the 
construd contains the LEU2 gene for selection in yeast, the kanamydne resistance cas- 

30 sette for selection in E. coli, the CEN/ARS origin of replication for propagation in yeast 
and the pUC origin of replication for propagation in E. coil. This vector Is suitable for the 
tow level expression of CbM-fused polypeptides in yeast, due to the combination of a 
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weak CYC1 promoter and a CEN/ARS origin of replication, which results in low copy 
numbers of the construct in yeast (usually 1 -2 copies per cell). 

(6) pCUPI-MP-CbM-TDA Is a low copy yeast/E. coll shuttle vector carrying a CUP1 
5 promoter for inducible expression In yeast, followed by a nucleic acid sequence encoding 

the N-MGCTLSAEDKPGGP-C signal sequence for fatty acid modification, followed by a 
multiple cloning site encoding several recognition sites for restriction endonucleases, 
which can be used to Insert a nucleic acid encoding the polypeptide of Interest. The mul- 
tiple cloning site Is followed by a nucleic acid sequence encoding amino acids 35-76 of 

10 yeast ubiquWn (CbM), followed by a sequence encoding the 3xMYC epitope, followed by 
the sequence encoding the bacterial LexM protein, followed by the sequence encoding 
the Herpes simplex virus VP16 protein, followed by a CYC1 tenninator. The backbone of 
the construct contains the LEU2 gene for selection in yeast, the kanamydne resistance 
cassette for selection in E. coll, the CEN/ARS origin of replication for propagatton In yeast 

15 and tiie pUC origin of replication for propagation in E. coll. replication for propagation In 
yeast and the pUC origin of replication for propagation In E. coll - ector Is suitable for 
flie inducible expression of CbM-fused polypetides In yeast, due to Uie combination of an 
inducible CUP1 promoter and a CEN/ARS origin of replication, which results In low copy 
numbers of the constaict In yeast (usually 1-2 copies per cell). 

20 

(7) pCUPI-CbM-TDA Is a low copy yeast/E, coll shutHe vector carrying a CUP1 pro- 
moter for inducible expression In yeast, followed by a multiple cloning site encoding seve- 
ral recognition sites for restriction endonucleases, which can be used to Insert a nucleic 

25 acid encoding the polypeptide of Interest. The multiple cloning site is followed by a nuc- 
leic acid sequence encoding amino adds 35-76 of yeast ubiqultin (CbM), followed by a 
sequence encoding the 3xFLAG epitope, followed by flie sequence encoding the bacteri- 
al LexM protein, followed by the sequence encoding the Herpes simplex virus VP16 pro- 
tein, followed by a CYC1 terminator. The backbone of ttie plasmid contains the LEU2 

30 gene for selection in yeast, the kanamydne resistance cassette for selection in E. coll, 
the CEN/ARS origin of replication for propagation in yeast and the pUC origin of replicati- 
on for propagation in E. coli. This vector is suitable for ttie Indudble expression of CblWI- 
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fused polypetides in yeast due to the combination of an inducible CUP1 promoter and a 
CEN/ARS origin of replication, which results in low copy numbers of the plasmid in yeast 
(usually 1-2 copies per cell). 

(8) PGA93B42 Is a low copy yeast/E. coll shuttle vector carrying a CYC1 promoter for 
low level expression in yeast followed by a multiple clonfng site encoding several re- 
cognition sites for restriction endonudeases. which can be used to insert a nucleic add 
encoding the polypeptide of interest The multiple cloning site is followed by a nudetc 
add sequence encoding amino adds 35-76 of yeast ubiquitin (CbM). followed by a se- 
quence encoding amino adds 1-83 of the yeast Gal4 protein. Ibliowed by the sequence 
encoding the addic domain B42. followed by an ADH1 temiinator. The backbone of the 
plasmid contains the LEU2 gene for selection in yeast the kanamydne resistance cas- 
sette for selection In E. coli, the CEN/ARS origin of replication for propagation in yeast 
and the pUC origin of replication for propagation in E. coli. This vector Is suitable for the 
low level expression of CbM-fiised polyc^ ^-'-^es In yeast due to the combination of a weak ^ 
CYC1 promoter and a CEN/ARS orif : . ^ -^alicatlon. which results in low copy numbers 
of the plasmid in yeast (usually 1-2 copies per cell). 

(9) pGA74B42 is a low copy yeast/E. coli shuttle vector carrying a CYC1 prx)mot8r tbr 
low level expression in yeast followed by a multiple doning site encoding several re- 
cognition sites for restriction endonudeases, which can be used to insert a nudeic add 
encoding the polypeptide of Interest The multiple cloning site Is followed by a nudeto 
add sequence encoding amino adds 35-76 of yeast ubiquitin (CbM), followed by a se- 
quence encoding amino acids 1-74 of flie yeast Gal4 protein, followed by the sequence 
encoding the addic domain B42, followed by an ADH1 tenninator. The backbone of the 
plasmid contains the LEU2 gene for selection in yeast the kanamydne resistance cas- 
sette for selection In E, coll, the CEN/ARS origin of replication for propagation in yeast 
and the pUC origin of replication for propagation in E. coll. This vector is suitable for the 
low level expression of CbM-fused polypetides in yeast due to tiie combination of a weak 
CYC1 promoter and a CEN/ARS origin of replication, which results In low copy numbers 
of tine plasmid in yeast (usually 1-2 copies per cell). This vector allows high stringency 
screens tiianks to tiie use of a severely truncated Gal4 protein. Gal4 amino adds 1-74 



26 



retains the minimal elements necessary for recognition and binding to the GAL promoter, 
but it lacks the elements necessary for dimerization of the Gal4 protein. Therefore, bin- 
ding of Gal4 amino acids 1-74 to the GAL1 promoter is not cooperative anymore. The 
non-cooperative mode of binding severely reduces the affinity of Gal4 amino acids 1-74 
5 for the GAL1 promoter as compared to GaI4 amino acids 1-93. Consequently, higher le- 
vels of Gal4 amino acids 1-74 are needed in the nucleus to activate transcription of the 
reporter genes. This higher level can only be reached by an overall higher level of re- 
leased Gal4 (amino acids 1-74)-B42. Only a very strong interaction between a bait pro- 
tein and a prey protein Is able to release the amounts of GaM (amino adds 1-74)-B42 
10 needed to activate transcription of the reporter genes. 

(10) pCGA93B42 Is a low copy yeast/E. coll shuttle vector carrying a CUP1 promoter 
for inducible expression In yeast, followed by a multiple cloning site encoding several re- 
cognition sites for restriction endonudeases. which can be used to Insert a nudeic acid 

15 encoding the ' i^eptide of Interest The multiple cloning ^Ite is foUowed by a nudeic 
add sequert . ading amino adds 35-76 of yeast ubiqultin (CbM), followed by a se- 
quence encoding amino adds 1-93 of the yeast Gal4 protein, followed by the sequence^ 
encoding the addle domain B42. followed by an ADH1 tennlnator. The backbone of the 
plasmid contains the LEU2 gene for selection In yeast, the kananfiydno resistance cas- 

20 sette for selection In E. coil, the CEN/ARS origin of replication for propagatton in yeast 
and the pUC origin of replication for propagation In E. coll. This vector Is suitable for the 
indudble expression of CblVI-fUsed polypetides in yeast, due to the combination of an 
indudble CUP1 promoter and a CEN/ARS origin of replication, which results In low copy 
numbers of the plasmid In yeast (usually 1-2 copies per cell). 

25 

(11) pCGA74B42 is a low copy yeast/E. ooli shuttle vector carrying a CUP1 promoter 
for indudble expression in yeast, followed by a multiple doning site encoding several re- 
cognition sites for restriction endonudeases, which can be used to Insert a nudeic add 
encoding the polypeptide of interest. The multiple cloning site Is followed by a nudeic 

30 acid sequence encoding amino acids 35-76 of yeast ubiquitin (CblW). followed by a se- 
quence encoding amino adds 1-93 of the yeast Gai4 protein, followed by the sequence 
encoding the addic domain B42, followed by an ADH1 temiinator. The backbone of the 
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plasmid contains the LEU2 gene for selection in yeast, tlie kanamydne resistance cas- 
sette for selection in E. coli, the CEN/ARS origin of replication for propagation in yeast 
and the pUC origin of replication for propagation in E. coli. This vector is suitable for the 
inducible expression of CbM-fused polypetides in yeast, due to the combination of an 
inducible CUP1 promoter and a CEN/ARS origin of replication, which results in low copy 
numbers of the plasmid in yeast (usually 1-2 copies per cell). This vector allows high 
stringency screens thanks to the use of a severely truncated Gal4 protein. Gal4 amino 
acids 1-74 retains the minimal elements necessary for recognition and binding to the GAL 
promoter, but it lacks the elements necessary for dimen'zatlon of tge Gal4 protein. The- 
refore, binding of Gal4 amino acids 1-74 to the GAL1 promoter Is not cooperative anymo- 
re. The non-cooperative mode of binding severely reduces the affinity of Gal4 amino a- 
cids 1-74 for tiie GAL1 promoter as compared to Gai4 amino acids 1-93. Consequently, 
iiigher levels of Gal4 amino adds 1-74 are needed in tiie nucleus to acti^te transcription 
of the reporter genes. This higher level can only be reached by an overall higher level of 
released Gal4 (amino acids 1-74}-B42. Only a very strong interaction between a bait 
protein and a prey protein is able to release ttie amounts of Gal4 (amino adds 1-74)-B42 
needed to activate transcription of the reporter genes. 

(12) pMGA93B42 is a low copy yeast/E. coll shuttie vector canving a CYC1 promoter 
for low level expression in yeast, foltowed by a nudeto acid sequence encoding the N- 
MGCTLSAEDKPGGP-C signal sequence for fatty add modification, foltowed by a mul- 
tipte donlng site encoding several recognition sites for restriction endonudeases. whteh 
can be used to insert a nudeic add encoding tiie polypeptide of interest The multiple 
donlng site Is followed by a nucleic acid sequence encoding amino acids 35-76 of yeast 
ubiquitin (CbM). followed by a sequence encoding amino adds 1-93 of tiie yeast Gal4 
protein, followed by the sequence encoding tiie addte domain B42. followed by an ADH1 
temnlnator. The backbone of the plasmid conteins tiie LEU2 gene for selection in yeast, 
ttie kanamydne resistance cassette for selection in E. coll. ttie CEN/ARS origin of repli- 
cation for propagation in yeast and ttie pUC origin of replication for propagation in E. coli. 
This vedor is suiteble for the low level expression of CbM-fused polypetides in yeast, due 
to tiie combination of a weak CYC1 promoter and a CEN/ARS origin of replication, which 
results In low copy numbers of tiie plasmid in yeast (usually 1-2 copies per cell). 
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(13) PMGA74B42 is a low copy yeast/E. coll shuttle vector carrying a CYC1 promoter 
for low level expression In yeast followed by a nucleic acid sequence encoding the N- 
MGCTLSAEDKPGGP-C signal sequence for fatty add modricatlon, followed by a mul- 

5 tiple cloning site encoding several recognition sites for restriction endonucleases, which 
can be used to Insert a nucleic acid encoding the polypeptide of Interest. The multiple 
cloning site Is followed by a nucleic acid sequence encoding amino adds 36-76 of yeast 
ubiqultin (CbM), followed by a sequence encoding amino acids 1-74 of the yeast Gal4 
protein, followed by the sequence encoding the addle domain B42. followed by an ADH1 

10 terminator. The backbone of the plasmid contains the LEU2 gene for selection in yeast, 
the kanamydne resistance cassette for selection in E. coll. the CEN/ARS origin of repli- 
cation for propagation In yeast and the pUC origin of replication for propagalton In E. coll. 
This vector is suitable for the low level expression of CbM-fosed polypetides In yeast, due 
to the combination of a weak CYC1 promoter and a CEN/ARS origin of replication, which 

15 results In low copy numbers of the plasmid in yeast (usually 1-2 cnnfrp. per cell). This 
vector allows high stringency screens thanks to the use of a se-.,; truncated Gal4 
protein. Gal4 amino adds 1-74 retains the minimal elements necessary for recognition 
and binding to the GAL promoter, but It lacks the elements necessary for dImerizatkMi of 
the Gal4 protein. Therefore, binding of Gal4 amino adds 1-74 to the GAL1 promoter Is 

20 not cooperative anymore. The non-cooperative mode of binding severely reduces the 
affinity of Gal4 amino adds 1-74 for the GAL1 promoter as compared to GaI4 amino a- 
cids 1-93. Consequently, higher levels of Gal4 amino acids 1-74 are needed in the nuc- 
leus to activate transcription of ttie reporter genes. This higher level can only be reached 
by an overall higher level of released Gal4 (amino adds 1-74)-B42. Only a veiy strong 

25 interaction between a bait protein and a prey protein Is able to release the amounts of 
Gal4 (amino acids 1-74)-B42 needed to adivate transcription of the reporter genes. 

(14) pCMGA93B42 is a low copy yeast/E. coll shuttie vector canying a CUP1 promoter 
for indudble expression in yeast, followed by a nucleic acid sequence encoding tiie N- 

30 MGCTLSAEDKPGGP-C signal sequence for fatty add modification, followed by a mul- 
tiple cloning site encoding several recognition sites for restridlon endonudeases, which 
can be used to insert a nudeic add encoding tine polypeptide of interest- The multiple 
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cloning site Is followed by a nucleic add sequence encoding amino acids 35-76 of yeast 
ubiqultin (CbM), followed by a sequence encoding amino acids 1-93 of the yeast GaI4 
protein, followed by the sequence encoding the acidic domain B42, followed by an ADH1 
terminator. The backbone of the plasmid contains the LEU2 gene for selection In yeast, 
5 the kanamyclne resistance cassette for selection in E. coli, the CEN/ARS origin of repli- 
cation for propagation in yeast and the pUC origin of replication for propagation in E. coli. 
This vector is suitable for the inducible expression of CbM-fUsed polypetides in yeast, due 
to the combination of an inducible CUP1 promoter and a CEN/ARS origin of replication, 
which results in low copy numbers of the plasmid in yeast (usually 1-2 copies per jceiO. 

10 

(1 5) PCMGA74B42 is a low copy yeast/E. coli shuttle vector carrying a CUP1 promoter 
for indudble expression in yeast, followed by a nucleic acid sequence encoding the H- 
MGCTLSAEDKPGGP-C signal sequence for fatty acid modification, foltowed by a mulr 
t'ple cloning site encoding several recognition sites for restric^on endonudeases. which 
15 can be used to insert a nudeic add encort?r»g the polypeptide of interest. The multiple '-^ 
doning site Is followed by a nucleic acid r ice encoding amino adds 35-76 of yeast 
ubiqultin (CbM). followed by a sequence encoding amino adds 1-74 of the yeast Gal4 
protein, foltowed by the sequence encoding tiie addle domain B42. followed by an ADH1 
terminator. The backbone of the plasmid contains the LEU2 gene for selectton in yeast. 
20 the kanamydne resistance cassette for selection in E. coli. the CEi^j/ARS origin of repli- 
cation for propagation In yeast and the pUC origin of replication for propagation in E. coli. 
This vector is suitable for the Indudble expression of CbM-fosed polypetides in yeast, due 
to the combination of an Indudble CUP1 promoter and a CEN/ARS origin of replication, 
which results In low copy numbers of the plasmid in yeast (usually 1-2 copies per cell). 
25 This vector allows high stringency screens thanks to the use of a severely truncated Gal4 
protein. GaM amino adds 1-74 retains the minimal elements necessary for recognition 
and binding to the GAL promoter, but It lacks the elements necessary for dimerizatlon of 
the Gal4 protein. Therefore, binding of Gal4 amino adds 1-74 to the GAL1 promoter is 
not cooperative anymore. The non-cooperative mode of binding severely reduces the 
30 affinity of Gal4 amino adds 1-74 for the GAL1 promoter as compared to Gal4 amino a- 
dds 1-93. Consequently, higher levels of Gal4 amino acids 1-74 are needed in the nuc- 
leus to activate transcription of the reporter genes. This higher level can only be reached 
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by an overall higher level of released Gal4 (amino acids 1-74)-B42. Only a very strong 
interaction between a bait protein and a prey protein is able to release the amounts of 
Gal4 (amino acids 1-74)-B42 needed to activate transcription of the reporter genes. 

5 (16) pMP-CbM-IWL-MCS Is a low copy yeast/E. coll shuttle vector canrying a CYC1 
promoter for low level expression in yeast, followed by a nucleic acid sequence encoding 
the N-MGCTLSAEDKPGGP-C signal sequence for fatty add modification, followed by a 
nucleic acid sequence encoding amino acids 35-76 of yeast ubiqultin (CbM), followed by 
a sequence encoding the 3xMYC epitope, followed by the sequence encoding the bacte- 

10 rial LexM protein, fbilowed by a multiple cloning site encoding several recognition sites for 
restriction endonucleases, which can be used to Insert a nucleic acid encoding the poly- 
peptide of interest, followed by a CYC1 temiinator. The backbone of the construct con- 
tains the LEU2 gene for selection in yeast the icanamydne resistance cassette for selec- 
tion in E. coll. the CEN/ARS origin of replication for propagation In yeast and the pUC 

15 origin of replicatton f?r propagation in E. coli. This vector is suitable for the low level ex- 
pression of CbiW f : v; polypetides In yeast, due to the combination of a weal< CYC1 
promoter and a CEN/ARS origin of replication, which results in low copy numbers of the 
construct In yeast (usually 1-2 copies per cell). 

20 (17) pCUP1-MP-CbM-ML-MCS Is a low copy yeast/E. coll shuttle vector carrying a 
CUP1 promoter for indudble expression in yeast, followed by a nucleic add sequence 
encoding the N-MGCTLSAEDKPGGP-C signal sequence for fatty add modification, fol- 
lowed by a nucleic add sequence encoding amino adds 36-76 of yeast ubiqultin (CbM), 
followed by a sequence encoding the 3xMYC epitope, followed by the sequence enco- 

25 ding the bacterial LexM protein, followed by a multiple cloning site encoding several re- 
cognition sites for restriction endonucleases, which can be used to insert a nudeic add 
encoding the polypeptide of interest, followed by a CYC1 terminator. The backbone of the 
construct contains the LEU2 gene for selection In yeast, the kanamydne resistance cas- 
sette for selection in E. coli, the CEN/ARS origin of replication for propagation in yeast 

30 and the pUC origin of replication for propagation in E. coll. replication for propagation in 
yeast and the pUC origin of replication for propagation in E. coli. This vector is suitable for 
the inducible expression of CbM-fused polypetides in yeast, due to the combination of an 
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inducible CUP1 promoter and a CEN/ARS origin of replication, which results in low copy 
numbers of the construct in yeast (usually 1-2 copies per cell). 

(18) pMGA93-MCS is a low copy yeast/E. coli shuttle vector canrylng a CYC1 promoter 
5 for low level expression in yeast, followed by a nucleic acid sequence encoding the N- 

MGCTLSAEDKPGGP-C signal sequence for fatty add modification, followed by a nucleic 
add sequence encoding amino adds 35-76 of yeast ubiquitin (CbM). followed by a se- 
quence encoding amino adds 1-93 of the yeast Gal4 protein, followed by a multiple clo- 
ning site encoding several recognition sites for restriction endonudeases, which can be 

10 used to insert a nudeic add encoding the polypeptide of interest, followed by an ADH1 
tenninator. The backbone of the construct contains the LEU2 gene for selection in yeast, 
the kanamydne resistance cassette for selection in E. coli. the CEN/ARS origin of repli- 
cation for propagation In yeast and the pUC origin of replication for propagation in E. coli. 
This vector Is suitable for the low level exprsssion of CblM-fused pofypetides In yeast, due 

15 to the combination of a weak CYC1 promoter and a CEN/ARS origin of replication, which 
results in low copy numbers of the construct in yeast (usually 1 -2 copies per cell). 

(19) PMGA74-MCS Is a low copy yeast/E. coli shuttle vector canying a CYC1 promoter 
for tow level expression in yeast, followed by a nudeic add sequence encoding the N- 

20 IMGCTLS/KEDKPGGP-C signal sequence for fatty add modiftoation. foltowed by a hiiciek; 
add sequence encoding amino adds 35-76 of yeast ubiquitin (CbM), foltowed by a se- 
quence encodtog amino acids 1-74 of the yeast Gat4 protein, fotlowed by a multiple clo- 
ning site encoding several recognition sites for restriction endonudeases, which can be 
used to insert a nucleic add encoding the polypeptide of interest, followed by an ADf-l1 

25 tenninator. The backbone of the construct conteins the LEU2 gene for selecti'on In yeast, 
the kanamydne resistance cassette for selection in E. coli, ttie CEN/ARS origin of repli- 
cation for propagation in yeast and ttie pUC origin of replication for propagation in E. coli. 
This vector is suiteble for tiie low level expression of CbM-flised polypeti'des in yeast, due 
to tiie combination of a weak CYC1 promoter and a CEN/ARS origin of replication, which 

30 results in low copy numbers of the construd In yeast (usually 1-2 copies per cell). This 
vector allows high stilngenc^ screens ttianks to the use of a severely truncated Gal4 
protein. Gal4 amino adds 1-74 retains ttie minimal elements necessary for recognition 
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and binding to the GAL promoter, but It lacks the elements necessary for dimerization of 
tge Gal4 protein. Therefore, binding of Gal4 amino acids 1-74 to the GAL1 promoter is 
not cooperative anymore. The non-cooperative mode of binding severely reduces the 
afBnity of Gal4 amino adds 1-74 for the GAL1 promoter as compared to Gal4 amino a- 

5 elds 1-93. Consequently, higher levels of Gal4 amino acids 1-74 are needed in the nuc- 
leus to activate transcription of the reporter genes. This higher level can only be reached 
by an overall higher level of released Gal4 (amino adds 1-74)-balt polypeptide. Only a 
very strong Interaction between a bait protein and a prey protein is able to release the 
amounts of Gal4 (amino adds 1-74)-bait polypeptide needed to activate transcription of 

10 the reporter genes. 

(20) PCMGA93-MCS Is a low copy yeast/E. coll shuttle vector carrying a CUP1 pro- 
moter for Indudble expression in yeast, followed by a nucleic add sequence encoding the 
N-MGCTLSAEDKPGGP-C signal sequence for fatty add modification, followed by a 

15 nudeic add sequence encoding amino adds 35-76 of yeast ubiqultin (CbM> followed by 
a sequence encoding amino adds 1-93 of the yeast Gal4 protein, follo\v>: multiple 
doning site encoding several recognition sites for restriction endonudeases. which can 
be used to insert a nudeic add encoding the polypeptide of Interest, followed by an 
ADH1 temiinator. The backbone of ttie oonstaid contains the LEU2 gene for selection in 

20 yeast, the Kanamydne resistance cassette for selection In E. coll. tiie CEN/ARS origin of 
replication for propagation in yeast and tine pUC origin of replication for propagation In E. 
coli. This vector is suitable for the indudble expression of CbM-fosed pofypetides In 
yeast, due to the combination of an inducible CUP1 promoter and a CEN/ARS origin of 
replication, which results in low copy numbers of the constmct in yeast (usually 1-2 co- 

25 pies per cell). 

(21) pCMGA74-MCS Is a low copy yeast/E. coil shuttle vedor canying a CUP1 pro- 
moter for Indudble expression in yeast, followed by a nudeic add sequence encoding the 
N-MGCTLSAEDKPGGP-C signal sequence for fatly acid modification, followed by a 

30 nucleic acid sequence encoding amino acids 36-76 of yeast ubiqultin (CbM). followed by 
a sequence encoding amino acids 1-74 of the yeast Gal4 protein, followed by a multiple 
doning site encoding several recognition sites for restriction endonudeases, which can 
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be used to Insert a nucleic add encoding the polypeptide of Interest, followed by an 
ADH1 terminator. The backbone of the construct contains the LEU2 gene for selection In 
yeast, the kanamyclne resistance cassette for selection in E. coli. the CEN/ARS origin of 
replication for propagation in yeast and the pUC origin of replication for propagation In E. 
S coli. This vector is suitable Ibr tfie inducible expression of CbM-fUsed polypetides in 
yeast, due to the combination of an inducible CUP1 promoter and a CEN/ARS origin of 
replication, whteh results in low copy numbers of the construct in yeast (usually 1-2 co- 
pies per cell). This vector allows high stringency screens thanks to the use of a severe^ 
truncated Gal4 protein. Gal4 amino acids 1-74 retains the minimal elements necessary 

10 for recognition and binding to the GAL pronoter. but it tacks the elements necessary ibr 
dimerization of tge Gai4 protein. Therefore, binding of Gal4 amino acids 1-74 to the GAL1 
promoter is not cooperative anymore. The non-cooperative mode of bind&rig severely re- 
duces the affinity of Gal4 amino acids 1-74 for the GAL1 promoter as compared to Gal4 
amino acids 1-93. Consequently, higher levels of Gal4 amino adds 1-74 are needed in- 

IS the nudeus to activate transcription of the report^- r genes. This higher level can only be u 
reached by an overall higher level of releas&'^^ - ' (amino acids 1-74)-i3ait polypeptide. 
Only a very strong interaction between a bait protein and a prey protein is able to release 
the amounts of Gai4 (amino adds 1-74)-balt polypeptide needed to activate transcription 
of the reporter genes. 

20 ...... 

(22) pDSdual-1 is a tow copy yeast/E. coli shuttle vedor carrying two expresston cas- 
settes. 

Cassette 1 contains a CYC1 promoter for low level expression in yeast toltowed by a 
25 multiple doning site containing multiple ndcognitlon sites for restriction endonudeases 
and sequences for the in vivo cloning described In section 5.2, followed by a nucleic acid 
sequence encoding amino acids 35-76 of yeast ubiquitin (CbM). followed by a sequence 
encoding amino acids 1-74 or 1-93 of the yeast Gal4 protein, followed by an A0H1 termi- 
nator. 

30 

Cassette 2 contains a CYC1 promoter for low level expression in yeast, followed by a 
multiple cloning site containing multiple recognition sites for restriction endonudeases 
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and sequences for the in vivo cloning described in section 5.2. followed by the sequence 
encoding NbM, followed by a CYC1 tenmlnator. 

Alternatively, cassette 1 may contain a CUP1 promoter instead of a CYC1 promoter to 
5 allow the inducible expression of the bait 

Alternatively, cassette 2 may contain a CYC1 promoter for low level expression In yeast, 
followed by the sequence encoding NbM. followed by a multiple cloning site containing 
multiple recognition sites for restriction endonucleases and sequences for the in vivo clo- 
10 ning described in section 6.2. followed by a CYC1 temninator. 

The backbone of the construct contains the LEU2 gene for selection in yeast the kana- 
mycine resistance cassette for selection in E. coll. the CEN/ARS origin of replication for 
propagation In yeast and the pUC origin of replication for propagation in E. coll. 

15 

This vector is suitab!?; low level or inducible expression of a CbM-fused polypetide 

together with the low i^val expression of a prey polypeptide fused either C- or N- 
terminally to NbM. 



.20 MhM library vectors forev vectors^ - - -= - 

NbM library vectors are plasmid constmcts which preferably contain the following fea- 
tures: 

25 (1) A selection marker for propagation of the plasmids in E. colt, which preferably is an 
expression cassette encoding the ampicillln resistance gene, but which may also be an 
expression cassette encoding tiie kanamycine resistance gene or the chloramphenicol 
resistance gene. In fact, any mari<er thatjs selectable In E. coli may be used for this pur- 
pose. 
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(2) An origin of replication that allows propagation of the plasmids In £ coll, such as a 
pUC based or pBR322 origin of replication, but preferably an origin of replication that al- 
lows the plasmid to be propagated in H coll at a high copy number. 

5 (3) A selection maricer for propagation of the plasmids In S. cemvisae, which preferably is 
an expression cassette encoding the TRP1 gene, but which may also be any marker that 
is selectable In S. cerevisae. 

(4) An origin of replication that allows propagation of the plasmids In S. cerevisae, such 
10 as a 2mlcron based or CEN/ARS based origin of replication, but preferably an origin of 

replication that allows the plasmid to be propagated in S. cerevisae at a high copy num- 
ber, such as the 2micron origin of replication. 

(5) An expression cassette, which preferably contains the following features: 

15 (1) A promoter element conferring low level expression, such as CYC1, or Inducible ex- 
: ession, such as GAL1 or CUP1, or conferring high level expression, such as ADH1 or 

iEFI. 

(2) An open reading frame encoding the N-terminal part of yeast ubiqutin, encompassing 
20 amino acids 1-37 (for amino acid numbering of ubiquitin and exacfexplanation'ofiibiqui-' 
tin fragments, see Johnsson and Varshavsky, 1994) (NbM), either wild type or bearing an 
amino acid exchange at either position 3 or position 13 of the published yeast ubiquitin 
sequence or both, where the amino add that Is used to replace the original amino acid 
can either be Leu, Val, Ala or Gly. Preferably, the replacement Is made at position 13 with 
25 the amino acid glycine and at the positions 3 and 13 with the amino acid glya'ne. The 
NbM may also contain other mutations that are Identified using an In vivo selection pro- 
cedure as described below and whose aim it Is to reduce or abolish the affinity of NbM for 
CbM. 

30 (3) The expression of the bait polypeptide can then be easily verified using standard 
procedures such as detection by immunoblot using a specific antibody directed against 
tile 3xFLAG. 3xMYC or HA epitopes ttiat are present In tfie bait construct. The vector 
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contains a nucleic acid sequence encoding an epitope tag, which can be either the 
3XFLAG epitope (Chubet & Brizzard. 1996. Hernan et al., 2000), the 3x MYC epitope 
(Evan et al.. 1986), or any other sequence encoding a polypeptide that can be detected 
by any means, such as Immunoblotting. A nucleic acid sequence encoding another epito- 
5 pe tag, such as the hemagglutinin epitope tag (Wilson et al.. 1 984), may also be used. 

(4) A multiple cloning site containing one or several recognition sites for restriction 
enzymes which allow the Insertion of nucleic acid encoding a protein or protein fragment 
or a polypeptide and sequences flanking a defined recognition site for a restriction endo- 
• 10 nuclease, preferably the restriction endonuciease Sma /, which are used to insert a nuc- 
leic add sequence encoding a protein or protein fragment or a polypeptide using the in 
vivo recombination method described below. 

(6) A terminator sequence derived ftom the yeast ADH1 or CYC1 genes which terminates 
15 transcription in S. cerev/s/ae. 

pascriPtfon of orefeme d fibrarv vectors 

(1) pNbM-HA-X: High copy yeast/E. coll shuttle vector carrying the ADH1 promoter for 
20 high level expression in yeast, followed by the sequence encoding HbM, the sequence 

encoding the hemaglutinfn epitope tag. a multiple cloning site and an ADH1 temilnator. 
The backbone of the plasmid contains the TRP1 gene for selection in yeast, the ampiciilin 
resistance cassette for selectton In E. coll, the 2mlcron origin of replication for propagati- 
on In yeast and the pUC origin of replication for propagation in E, coli. This vector Is sul- 
25 table for the high level expression of NbM-fUsed polypetldes In yeast, due to the combi- 
nation of a stiXMig ADH1 promoter and a 2mlcron origin, which results in high copy num- 
bers of tiie plasmid in yeast. 

(2) pX-HA-NbiW: High copy yeasts, coll shutUe vector carrying tiie ADH1 promoter for 
30 high level expression in yeast followed by a multiple cloning site, the sequence encoding 

2 sequential hemaglutinin epitope tags, tiie sequence encoding NbM, and an ADH1 ter- 
minator. The backbone of the plasmid contains tiie TRP1 gene for selection In yeast, tiie 
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ampicillin rssfstance cassette fbr selection in E. coli, the 2micron origin of replication for 
propagation in yeast and the pUC origin of replication for propagation in E. coli. This 
vector is suitable for the high level expression of NbM-fused polypeptides in yeast, due to 
the combination of a strong ADH1 promoter and a 2micron origin, which results in high 
5 copy numbers of the plasmid in yeast. 

(3) p424NbM-X: High copy yeast/E. coll shuttle vector carrying the CYC1 promoter for 
low level expression in yeast, followed by the sequence encoding NbM, the sequence 
encoding the hemaglutinin epitope tag, a multiple cloning site and a CYC1 terminator. 

10 The backbone of the plasmid contains the TRP1 gene for selection in yeast, the ampicillin 
resistance cassette for selection in E. coli, the 2m{cron origin of replication for propagati- 
on In yeast and the pUC origin of replication for propagation in E. coli. This vector is sui- 
table for the low level expression of NbM-fused polypeptides in yeast due to ttie combi- 
nation of a very weak CYC1 promoter and a 2micron origin, which results in high copy 

IS numbers of the plasmid in yeast 

(4) p424X-NbM: High copy yeast/E. coli shuttle; v ^uior carrying the CYC1 promoter for 
low level expression in yeast, followed by a multiple cloning site, the sequence encoding 
the hemaglutinin epitope tag, the sequence encoding NblW, and a CYC1 terminator The 

"20 backbone of the-plasmid contains the TRP1 gene for selection in-yeast the" ampicillin' . 
resistance cassette for selection in E. coli, the 2micron origin of replication for propagati- 
on in yeast and the pUC origin of replication for propagation in E. coli. This vector is sui- 
table for the low level expression of Nbl\/l-fused polypeptides in yeast, due to the combi- 
nation of a very weak CYC1 promoter and a 2micron origin, which results In high copy 

25 numbers of the plasmid in yeasL 

(5) p414NbM-X: Low copy yeast/E, coll shuttle vector carrying the ADH1 promoter for 
high level expression in yeast, followed by the sequence encoding NbM. the sequence 
encoding the hemaglutinin epitope tag, a multiple cloning site and a CYC1 terminator. 

30 The backbone of the plasmid contains the TRP1 gene fbr selection In yeast, the ampicillin 
resistance cassette for selection in E. coli, the CEN/ARS origin of replication for propaga- 
tion in yeast and the pUC origin of replication for propagation in E. coli. This vector is also 
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suitable for the low level expression of NbM-fused polypetides In yeast, due to the combi- 
nation of a strong ADH1 promoter and a CEN/ARS origin, which results In very low copy 
numbers of the plasmid in yeast (usually 1-2 copies per cell). 

5 (6) p414X-NbM: Low copy yeast/E. coli shuttle vector carrying the ADH1 promoter for 
high level expression in yeast, followed by a multiple cloning site, the sequence encoding 
two sequential hemaglutinin epitope tags, the sequence encoding NbM, and a CYC1 ter- 
minator. The backbone of the plasmid contains the TRP1 gene for selection In yeast, the 
ampiclllin resistance cassette for selection In E. coll, the CEN/ARS origin of replication for 
10 propagation in yeast and the pUC origin of replication for propagation in E. coll. This 
vector is also suitable for the low level expression of NbM-flised polypeptides in yeast, 
due to the combination of a strong ADH1 promoter and a CEN/ARS origin, which results 
in very low copy numbers of tiie plasmid In yeast (usually 1-2 copies per cell). 

IS I Ibrarv constirucMon 

Libraries can be constructed trom nucleic acids such as genomic DNA, random or non- 
random oligonucleotides or cDNAs. 

20 (1) Genomic libraries. Construction of random fragments of gerfomic DNA is a stan- 
dard procedure and Is described for example in (James et al., 1996). Briefly, genomic 
DNA is Isolated fTOm an organism of Interest and is sheared Into fragment of random 
size eitiier by sonlcati'on or by other methods, such as digestion with appropriate restricti- 
on enzymes or shearing by ^(tirusion through a syringe. Sheared fragments of tiie ap- 

25 propriate size are selected and the ends are repaired using standard procedures, such as 
Kienow/T4 DNA polymerase reactions or Mung Bean exonuclease reactions. Following 
this, the repaired fragments are doned Into a NbM-based library vector using standard 
procedures such as described in (Bedbrook & Ausubel, 1976, Sambrook & Russeli, 
2001). 

30 

(2) cDNA libraries are made using standard procedures, as described In (Gubler, 
1988), or can be made using various commercially available kits, such as those mari<eted 
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by Clontech, Invitrogen, or Promega. In a prefBrred appllcatton double-stranded cDNA 
fragments resulting from the use of the kit are directly inserted into an appropriate NbiVi 
library vector by means of in vivo recombination in yeast, as described by (Fusco et al., 
1999, Prado & Aguilera, 1994). Nucleic acid sequences that are complementary to se- 
5 quences in the expression cassette of the NbM vector are added to each end of the 
cDNA fragments, as described in the user manual of the IWATCHMAKER System 3 Libra- 
ry Constaiction Kit (Clontech, Palo Alto, Califomla, USA). Simultaneous introduction of 
cDNA fragments and the NbM library vector in appropriate amounts using a standarei 
transformation procedure, as described for example (Gietz & Woods, 2001), results In 
10 homologous recombination between identical sequences at the ends of the cDNA frag- 
ments and results in the generation of NbM library vectors each containing a particular 
cDNA Insert. Yeast fransformants resulting from this procedure are collected using a 
standard procedure, such as described in the MATCHMAKER System 3 User Manual or 
the MATCHMAKER System 3 Library Construction Kit (Clontech) and can be stored at - 
1 5 eO'C for later screening by mating. In a different procedure, the cDNA fragments and the 
K. ; library vector are cotransfomned not in an untransfomried yeast strain but Into a 
yeaat strain which has already been transformed with a plasmid encoding the bait to be 
used In a library screening. Following the identical transformation procedure as described 
previously, the yeast fransformants are directly plated on selective medium and a screen 
20 is carried out as described in detail berow; - - • 

(3) Random or non-random oligonucleotide libraries. Random or non-random oligo- 
nucleotides are synthesized according to standard procedures. They can be inserted Into 
the NbM library vector using either one or several restriction endonucleases or by the in 
25 vivo cloning method described above. 



LIbran/ screening procedurB 
30 1. Definition of appropriate baits 

In principle, any polypeptide that can be immobilized at a membrane within the yeast cell, 
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such as the membranes of the endoplasmatic reticulum, the golgl apparatus, the outer or 
Inner mitochondrial membrane or, most preferably, the plasma membrane, is suitable as 
a bait In the [\/IbY2H system. Polypeptides that are to be used as baits can be Integral 
membrane proteins, or they can be soluble proteins that are attached to a membrane via 
5 fusion to a signal sequence which encodes a membrane anchor, such as a signal se- 
quence followed by a transmembrane domain, or a signal sequence for any fatly acid 
modification, such as myristoyiation, palmytoylation, or famesylation. The different types 
of polypeptides to be used as baits are described In detail below. 

10 2. Bait construction 

The nucleic add sequence encoding the polypeptide to be used as bait can be Inserted 
into one of the bait vectors described above using standard molecular biology techniques. 
These techniques are described in detail In (Bedbrook & Ausubel, 1976, Sambrook & 

15 Russell, 2001). However, the preferable method of inserting the nucleic acid sequence 
Into a bait vector is by /n wVo recombination In yeast (Oldenburg et aL, 1997, r ^ 
Agullera, 1994). The nucleic acid sequence encoding the polypeptide of interest it r.-i)li- 
fled from an appropriate template (such as genomic DMA, cDNA or preferably, piasmid 
DNA) using the polymerase chain reaction (PGR. (Mullis, 1990)). Primers are designed to 

20 • contain a sequencethat Is complementary to the extreme 5' and..3' -ends- of -the. nucleic - 
acid sequence of interest Furthenmore, each primer contains an additional 26 nucleoti- 
des of sequence at the 5' end which is identical to the 26 nucleotides of sequence on 
each side of a recognition site of a restriction endonuclease in one of the bait vectors 
described above. Thus, the PGR product contains the enfire nucleic acid fragment enco- 

25 ding the polypeptide to be used as bait, as well as 26 nucleotides of complementary se- 
quence (designated the „flaps") at the 6' and 3' end. The bait vector Is treated by Incuba- 
tion with the appropriate restriction endonuclease as described In standard protocols 
(Bedbrook & Ausubel. 1976, Sambrook & Russell, 2001). The PGR fragment and the 
restricted bait vector are mixed in equlmolar amounts and transfomried into an appropri- 

30 ate yeast reporter strain using standard yeast transformation techniques (Gietz & 
Woods, 2001). Thanks to Its endogenous repair machinery (Friedberg, 1991a, Friedberg, 
1991b), each end of the PGR fragment is recomblned with its homologous counterpart in 
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the bait vector, resulting in a nucleic acid construct, wtiere tlie l=^R product is inserted 
exactly at the open ends of the bait vector. Because this process is absolutely specific in 
yeast, the PCR fragment is inserted in a defined orientetion and no nucleotides at the end 
are either omitted or added. For this reason, insertion of a nucleic add sequence enco- 
5 ding a bait polypeptide via this method is simpler and liaster than the conventional inserti- 
on methods mentioned above. The insertion of the nucleic acid encoding the bait poly- 
peptide must be made in a way so that the reading firame of the bait polypeptide is the 
same as that of the reporter cassette following the multiple cloning site. In this way, 
translation of the bait plasmid in yeast provides a continuous polypeptide tiiat consists of 
10 tiie bait polypeptide fused to CbM and tiie elements described above. 

3. Bait verification 

Prior to screening, it Is necessary to test whether flie bait is expressed correcUy in yeast 
15 Correct ejq^ression means tiiat tiie bait polypeptide is tn?r :-iy?.d in Its full lengtii in yeast, [t:^ 
tiiat no significant proteolysis occurs and that the bait iS - . : led Into the membranes, in 
yeast. First, tiie bait construct is tiransfomned into an appropriate yeast strain, which can 
be any yeast strain, but which preferably is one of the strains descrit)ed al>ove and most 
prefBrably, one of tiie yeast strains DSY1 or DSY2. Tiie yeast tiransformant is grown un- 
20 der appro|xiate selective conditions and expression of the bait is detected using the im- 
munoblottlng technique. The detection of polypeptides expressed in yeast by tiie immu- 
nobloting technique is standard and is described for example in (Bedbrook & Ausidbel, 
1976, Sambrook & Russell, 2001) and in tiie YEAST PROTOCOLS HANDBOOK (Clon- 
tech). The appearance of a signal of the expected molecular weight on the autoradio- 
25 graph signifies tiiat the bait polypeptide is e)q3ressed in yeast and tiiat it is not signifi- 
cantiy degraded by endogenous proteases. 

Testing whetiier the bait polypeptide is inserted into tiie membranes in yeast is a crucial 
step since it gurantoes tiiat the bait Is immobilized at tiie membrane and cannot diffuse 
30 into tiie nucleus. The immobilization of tiie bait at the membrane is an absolute prerequi- 
site for a MbY2h screen. First, the bait construct is transformed into an appropriate yeast 
strain, which can be any yeast strain, but which preferably is one of the strains described 
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above and most preferably, either of the yeast strains DSY1 or DSY2. The yeast trans- 
fomnant is grown under appropriate selective conditions and the insertion of the bait into 
the membrane is verified by detecting Its presence in the particulate fraction following 
lysis of the yeast transformants and separation of extracts into soluble and particulate 
5 fractions, as described for example in (Fuentes et al„ 2000). The appearance of a signal 
of the expected molecular weight in the particulate fraction, but not in the soluble fraction, 
on the autoradiograph signifies that the bait polypeptide is expressed and inserted into 
the membranes in yeast. 

10 A second method to verify the insertion of the bait polypeptide into the yeast membrane is 
to carry out immunofluorescence on the yeast transfomnants. First, the bait construct Is 
transformed into an appropriate yeast strain, which can be any yeast stFahi, but which 
preferably is one of the strains described above, and most preferably, either of the yeast 
strahfis DSY1 or OSY2. The yeast transformant is grown under appropriate selective oon- 

15 ditions and processed for Immunofluorescence using any of the standard methods avai- 
lable, as described for instant ' a Ic irke et al., 2000). Following the immunofluorescent 
staining, the cells are observed unai^ir a fluorescence microscope. The presence of a fluo- 
lescent signal at the membranes of yeast signifies that flie bait polypeptide is expressed 
and inserted Into the membranes in yeast 

20 ■-■ ~ •"• ■ ~ .• ..... .... ... 

4. Self-activation test 

A setf-acb'vation tjsst is carried out to ensure fliat the bait polypeptide, when expressed in 
file absence of any prey polypeptide, does not activate Uie reporter genes present in the 

25 reporter strain. Rrst, the bait construct is transfomned into an appropriate yeast strain, 
which can be any yeast strain, but which preferably Is elflier of the strains described abo- 
ve and most preferably, one of the yeast strains DSY1 or DSY2. The yeast transformant 
is plated on different selective media to assess the activation of all reporter genes present 
in the reporter strain. For example, when using the reporter strain AH109. yeast transfor- 

30 mants carrying a bait construct and a control construct to supply the TRP1 gene are pla- 
ted on selective plates lacking leucine (to select for the presence of the bait construct), 
tryptophan (to select for the presence of the control construct) and adenine (to assess tiie 
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activity of tile ADE2). Growth of yeast transformants on ttie selective piates signifies that 
the bait polypeptide alone is able to activate the reporter genes. Such a bait cannot be 
used for a i\^bY2H screen. 

5 5. Conventional library transformation 

in the conventional screening technique, the yeast reporter strain is first transformed with 
the bait plasmid as described above (resulting In a yeast strain carrying multiple copies of 
the bait plasmid, designated the „bait-bearing strain*^. The yeast strain may be any S. 

10 cere\rislae strain bearing appropriate reporter constructs, either as autonomously replica- 
ting plasmids or as nucleic acid firagments tiiat are integrated into the genome, but prefe- 
rably, it is the yeast strain L40 [Vojtek. 1993 #398] or the yeast strain AH 109 (Clontech) 
or the yeast strain PJ69-4A (James et ai., 1996) or most prstersdsly, it is either the yeast 
strains DSY1 or DSY2. The bait-bearing strain is subsequentiy transformed with a library 

IS of Nbf ' > ised nudek: acids, which can be either genomic fragments, random or non- 
ranC: ./iigonucieotides or preferably, cDNA firagments. Such a library may be 
oonstaicted in any of the NbM library vectors described above, using any of the methods 
described herein. 

20 6. Library transformation by the mating procedure 

Using the mating procedure, the bait plasmid is introduced into a yeast reporter strain of a 
defined mating type (eWher a or alpha) using any of tiie mettiods described above. Then, 
a library, which can be any library described above, is intinoduced Into a strain of tiie op- 

25 posite mating type (eitiier alpha or a) using any of the methods desoibed above. Subse- 
quentiy, tiie bait-bearing and library-bearing stirains are mated according to standard 
methods (Figure 5; (Soeilick & Uhrig, 2001), MATCHMAKER System 3 User Manual, 
Clontech). Yeast strains used for the transfomiation of tiie bait are L40. AH109, PJ69-4A 
or preferably, DSY1 or DSY2. Yeast strains used to tiransfonr) ttie library are L40alpha, 

30 Y187, PJ69-4aIpha or preferably, DSYM. 



7. Screening procedure 
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Following transformation or mating, the yeast transfonriants are plated on solid selection 
medium. This selection medium Is composed In a way as to select for the presence of (1) 
the bait plasmid, (2) the library plasmid and (3) any potential Interaction occurring bet-^ 
5 ween the bait and prey polypeptides. 

The type and fomnulation of the selection medium to be used depends on the reporter 
strain that is used. 

10 When using L40 (see below), selective medium lacking (to select for the presence of tfie 
bait plasmid). tryptophan (to select for the presence of the prey plasmid). and histidine (to 
select for the occurrence of a protein-protein Interaction) is used. 

When using AH109 (see below), selective medium lacking the amino acids leucine (to 
IS select for the presence of the bait plasmid). tryptophan (to select for the presence of the 
prey plasmid), and histidine and adenine (to select for the occurrence of a proteih-prc' -y^v: 
InteFaction) Is used. As described herein, it is possible to modulate the stringency of isrie 
screen using the foitowing modifications in the selective medium: (1) low stringency: se- 
lective medium lacMng the amino acids leucine, tryptophan and histidine. (2) medium 
20 ' strihg&nc^: selective medium lacking the amino acids leucine, tryptophan and adenine;. • 
(3) high stringency: selective medium lacking the amino adds leucine, tryptophan, histid- 
ine and adenine. 

When using PJ69-4A (see below), selective medium tacidng leucine (to select for the 
25 presence of the bait plasmid). tryptophan (to select for the presence of the prey plasmid). 
and histidine and adenine (to select for the ocurrence of a protein-protein interaction) Is 
used. As descn'bed herein, it is possible to modulate the stringency of the screen using 
the foltowing modifications in the selective medium: (1) low stringency: selective medium 
laddng leucine, tryptophan and histidine. (2) medium stringency: selective medium lack- 
30 ing tiie amino acids leucine, tryptophan and adenine. (3) high stringency: selective me- 
dium lacking leucine, tryptophan, histidine and adenine. 
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When using DSY1 (see below), selective medium iacking leucine (to select for the pres- • - 
ence of the bait plasmid), tryptophan (to select for the presence of the prey plasmid), hls- 
tldine and adenine (to select for the occurrence of a protein-protein interaction) and con- 
taining the compound 6'-fluoroorotlc acid (6-FOA, to counterselect for unspecific protein- 
5 protein Interactions) is used. As descn'bed herein, it is possible to modulate the stringency 
of the screen using the following modifications in the selective medium: (1) low strin- 
gency: selective medium lacking leucine, tryptophan and histidine and containing the 
compound 5-FOA. (2) medium stringency: selective medium lacking, tryptophan and 
adenine and containing the compound 6-FOA. (3) high stringency: selective medium 
10 Jacking leucinsi tryptophan, histidine and adenine and-containlng the compound 5-FOA. 

When using DSY2 (see below), selective medium lacking leucine (to select for the pres- 
ence of the bait plasmid), tryptophan (to select for the presence of the prey plasmrd), and 
histidine and adenine (to select for the ocurrence of a protein-protein interaction) Is used. 
IS As described herein, it Is possible to modulate the stringency of the screen using the fol- 
lowing modifications in the selective medium: (1) low sfrlniir v -^^lectlve medium lack- • 
Ing leucine, tryptophan and histidine. (2) medium stringency: selective medium lacking, 
tryptophan and adenine. (3) high stringency: selective medium lacking leucine, trypto- 
phan, histidine and adenine. 

20 

Using any of the strains mentioned above, an Independent test for the protein-protein 
Interaction taking place in the particular yeast tranformant can be made by assaying the 
activity of the lacZ reporter. Each of the strains described above carries one or several 
copies of a lacZ reporter gene Integrated Into its genome. The lacZ reporter is activated In 

25 the same fashion as the other reporters and, when activated, leads to the transcription 
and translation of the beta-galactosidase polypeptide firom £ coli. The presence of Beta- 
galactosldase can be verified by its ability to convert various substrates into colored com- 
pounds. The assays used to detect beta-galactosidase have been described numerous 
times ((Golemis et al., 1999), MATCHMAKER System 3 User Manual, Clontech). Any 

30 method to detect beta-gaiactosidase is suitable for use in the MbY2iH system. 

For each yeast transformant that was Initially plated on the selection medium, two differ- 
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ent outcomes are possible: 

(1) The bait and prey polypeptides encoded by the bait and library plasmid, respec- 
tively, do not interact in yeast In this case, the bait and prey polypeptides will not be spa- 

5 tially close, no reconstltution of NbM and CbM will take place and no split-ubiqultln will be 
fbrmed. Since no split-ubiquitin is formed, the transcriptional activator polypeptide will not 
be cleaved off by ubiqultln-specrfic proteases and the transcriptional activator polypeptide 
is unable to re&ch the nucleus of the yeast cell. As a consequence, the reporter genes of 
the yeast transformant are not activated and will not produce any reporter protein (Rgure 
10 eA). Therefore, the respective yeast transformanf will be unable to grow on the selective 
medium. 

(2) The bait- and prey polypeptides encoded by the bait and lit)rary plasmid, respec- 
tively, do Interact In yisast In this case, the bait and prey polypeptides will be spatially 

15 dose, reconstltution of NbM and CbM vfll! take place and spllt-ublqultin will be formed. 
Since split-ubkiuitin Is fbnned, the ; ; Optional activator polypeptide will be cleaved off 
by ubkiuitin-epeclfic proteases and the transcriptional activator polypeptkle will diffuse to 
the nucleus of the yeast cell. As a consequence, the reporter gene(s) of the yeast trans- 
formant is (are) activated and will produce the reporter prote{n(s) (Rgure 6B). Therefore, 

20 the respective yeast transformant will be able to grow on the selective medium and will 
appear as Isolated yeast colonies after 3-5 days incubation at SO'C. 

A third outcome is possible when using either of the strains DSY1 or DSY2: The bait and 
prey polypeptides encoded by the bait and library plasmid. respectively, do Interact in 

25 yeast, but the prey polypeptide also interacts with a control bait polypeptide that is tran- 
scribed as a CbM4.exM-B42 fosion from a nucleic acid sequence integrated into the ge- 
nome of the yeast reporter strain. In this case, the control bait and prey polypeptides will 
be spatially close, reconstitutton of NbM and CbM will take place and spfit-ubKiultin will be 
formed. Since spllt-ublquitin Is fonned, the LexM-B42 polypeptide will be cleaved off by 

30 ubiqultin-spec'rfic proteases and will diffuse to the nucleus of ttie yeast ceil. As a conse- 
quence, Oie URA3 or FAR1 reporter genes of the yeast transfomiant are activated and 
will produce the UraS or Farl protein, respectively. UraS protein converts ttie compound 
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5-FOA into a metabolite that Is toxic to the yeast cell, whereas Fati protein interferes di- 
rectly with the cell cycle machinery and arrests the yeast transfomnant. In both cases, the 
particular yeast transformant will be unable to grow on selective medium. 

5 8. Bart dependency test 

Yeast transfbrmants that have survived the selection procedures described In section 7 
most nkely carry a library construct encoding a polypeptide that is able to Interact witii the 
bait polypeptide in the yeast reporter strain. However, as with any in vivo system, there is 
10 a remote chance of isolating so-called Jalse positives" which are library constructs enco- 
ding particular prey polypeptides fliat confer upon tiie yeast transformant tiie ability to 
survive the selection procedures descrit>ed in section 7, but that nevertheless do not nite- 
ract with tiie bait polypeptide. A so-called bait dependency test is carried out to Isolate 
these false positives firom tiie screen. j 

15 

First, nuoM; ^sids are Isolated from yeast transfomnants using any of Uie standard me- 
thods available (see, for instance, MATCHMAKER System 3 User Manual. Clontech). 
The nucleic add mixture conteins (1) the baft construct, (2) the prey construct and (3) 
genomic DNA from the yeast reporter strain. In order to selective^ isolate the prey 

20 construct, tiie nucleic acid mixture is' transformed into an appropriate E. coll strain, which 
can be any E. coli strain suiteble for cloning purposes, but which preferably Is any of flie 
strains DHSalpha. DH10B, JM109, TOP10. XL-10 GOLD, SURE and which most prete- 
rabiy is the strain XL1-BLUE. The transformante are plated on stendard t>acterial culture 
plates supplenriented with the antibiotic whose corresponding resistence gene is encoded 

25 on tiie prey construct This can be any antibiotic but preferably is the antibiotic ampicillin. 
Since E. coli that have been transformed witti either the bait construct or witii fragmente 
of yeast genomic DNA cannot grow on selective plates witii the antibiotic ampicillin, all 
colonies arising on those plates are transformants carrying the prey construct. L^rge a- 
mounts of the prey construct are then isolated using any of the stendard techniques for 

30 plasmid isolation from E. coil (Bedbrook & Ausubei. 1976. Sambrook & Russell, 2001); 
Plasmid Isolation Kit, Macherey Nagel AG, DQren, Germany, Plasmid isolation Kit, Qula- 
gen Inc., Madison, Wl, USA). 
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The Isolated library constructs are cotransformed Into an appropriate yeast reporter 
strain, which can be AH109, Y190, L40, PJ69-4A. DSY1 or DSY2 but which preferably Is 
either of Y187 or UO, together with (1) the bait construct and (2) a control bait construct 
5 encoding an unrelated bait polypeptide, which can be any polypeptide, but which prefe- 
rably Is any of Ostl. Wbp1, AIg6, ErbBS and which most preferably Is AlgS. The yeast 
transfbrmants are plated on appropriate selective plates as desalbed In section 7 and 
colonies that have survived selection are assayed for the activity of the lacZ reporter. 

10 The following outcomes are possible: 

(1) The prey polypeptide interacts with the original bait polypeptide and the control poly- 
peptide. In this case, cotransfomiants of bait construct and prey construct, as well as 
cotransformants of control bait constrtjct and prey construct win activate, the lacZ reporter. 
Such prey constructs encode likely false positives that unspeclflcally Interact with any bait 

15 polypeptide expressed m the same yeast cell and are sorted out 

(2) The prey polypeptide interacts with the original bait polypeptide but not with the 
control polypeptide. In this case, cotransformants of bait construct and prey construct, but 
not cotransformants of control bait construct and prey construct will activate the lacZ re- 

20 porter. Such prey constructs encode true positives that Interact only with the bait poly- • 
peptide. 

9. Sequendng of library inserts 

25 Any library constaicts that are bait-dependent i.e. they interact with the original bait poly- 
peptide but not with the control polypeptide) most likely encode a polypeptide that Inte- 
racts with the bait polypeptide In yeast To IdentHV the polypeptide, the nucleic acid se- 
quence In the library constmct which encodes the prey polypeptide Is detemnlned using 
standard DNA sequencing methodology. The detenmlned nucleic add sequence can then 

30 be used to predict the conBsponding polypeptide It encodes, and the nudelc .acld se- 
quence or the derived amino add sequence can be used to search any public database 
holding sequence infomiatlon, such as GenBank or the EMBL database, using any algo- 
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rithm for the comparison of nucleic acid or amino acid sequences (such as BLAST, 
(Altschuletal., 1997). 

The sequence of the polypeptide that is identified in this way may encode a protein that is 
5 already known to interact with the bait or it may encode a novel interactor. The most im- 
portant advantage of the MbY2H system as compared to other methods for the detection 
of protein-protein interactions involving membrane-associated proteins is that it delivers 
not only the Identity of the interacting protein but also all or part of the nucleic acid se- 
quence encoding it. The nucleic acid sequence can be used by the investigator in nume- 
10 rous ways to conduct further experiments in order to verify and characterize the interac- 
tion between the proteins found in the MbY2H screen. 

IWeanlnoful results of the screen 

15 Simultaneous expression of a particular bait polypeptide and a part!cv!^r prey polypeptide 
in a yeast cell yields a transformant that sun/ives selection by : r - ^ activating the 
reporter genes by means of a reconstitution of split-ubiquitin finom OtM dnd NbM fused to 
the bait and prey, respectively. Selection is carried out on selective media and oortfirmed 
by a colorlmetric assay (section 7 al>ove). The ability to reconstitute spiit-ubiqultin Implies 

20 dose spatial proximity of the bait and prey polypeptides and therefore; It is likely (depen^ 
ding on the stringency used in the screen) that the two polypeptides used as bait and 
prey interact in yeast If the two polypeptides interact in yeast, this is a strong indication 
that they also interact in vivo in other settings, such as in a mammalian cell. Thus, the 
l\/lbY2H system can be used to identify pairs of interacting proteins by using a predeter- 

25 mined protein (the bait) and a large collection (library) of other proteins (the preys). The 
l\/lbY2i-l provides a means of identifying selectively those proteins that interact with the 
bait 

In another application of the system, the stringency threshold Is set so low that also very 
30 weak and especially transient interactions are detected by the same mechanism. This 
implies transient spatial proximity between the bait polypeptide and the prey polypeptide. 
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Using such a low stringency screen the MbY2H system can sen/e as a nnethod to deter- 
mine all proteins that at one point are spatially very close to the bait polypeptide. 

Reporter strains 

5 

1. L40 

The yeast reporter strain L40 has the following genotype: MATa his3D200 trpl-QOI Ieu2- 
3112 ade2 LYS2::(4lexAop-HIS3) URA3::(8lexAop-lacZ) GAL4. The construction of L40 
10 Is described in detail In (Vojtek et al., 1993). L40 can be used to select for interacting bait 
and prey polypeptides using the MbY2H system as described In section 5. To select 
yeast transformants expressing Interacting bait and prey polypeptides, the HISS reporter 
gene and the lacZ reporter gene are used. 

15 2. AH109 

The yeast reporter strain AH109 has tiiti ojjowing genotype: MATa. trpl-901, leu2-3, 
112, ura3-52. his3-200, gam. gaieOQ. LYS2 : : GAL1(UAS)-GAL1(TATA)-HIS3. MEL1 
GAL2(UAS)'GAL2(TATA)-ADE2. URA3::MEL1 (UAS)-MEL1 (TATA)-4acZ. The constaictl- 

20 on of AH 109 Is described in- detail In the MATCHMAKER System 3 USer A/lanuat (Clon- - 
tech). AH109 c£Hi be used to select for interacting bait and prey polypeptides using the 
l\/lbY2H system as described in section 5. To select yeast transformants expressing inte- 
iBCting bait and prey polypeptides, the HIS3 marker, the ADE2 marker, the MEL1 mari<er 
and the ladZ maricer are used. As compared to L40, the advantage of AMI 09 lies in the 

25 option to vary the stringency of the screen by using the following modifications in the se- 
lective medium: (1) low stringency: selective medium lacking the amino acids leucine, 
tryptophan and histidlne. (2) medium stringent^ selective medium lacking leucine, tryp- 
tophan and adenine. (3) high stringency: selective medium lacking, tryptophan, histidlne 
and adenine. 

30 

3. PJ69-4A 
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The yeast reporter strain PJ69-4A has thefbllowing genotype: MATa trp1-901 leu2-3, 112 
ura3-52 h!s3-200 gal4a galBQU LYS2::GAL1-HIS3 GAL2'ADE2 met2::GAL7-lacZ. The 
construction of PJ69-4A is described in detail In (James et al., 1998). PJ69-4A can be 
used to select for interacting bait and prey polypeptides using the MbY2H system as 
5 described above. To select yeast transformants expressing interacting bait and prey po- 
lypeptides, the HISS marker, the ADE2 marl<er and the lacZ mari<er are used. As compa- 
red to L40. the advantage of PJ69-4A lies In the option to vary the stringency of the 
screen by using the following modifications In the selective medium: (1) low stringen^: 
selective medium lacking leucine, tryptophan and histldlne. (2) medium stringency: selec- 
10 tlve medium lacking leucine, tryptophan and adenine. (3) high stringency: selective medi- 
um lacking leucine, tryptophan, histidine and adenine. 

4. DSY1 

IS The yeast report<?r strain DSY1 contains the following reporter cassettes integrated Into 
the genome: ■ ^^moter foUowisd by HIS3 gene, QAL2 prornoter foltowed by ADE2 
gene, GAL1 proKrioter followed by lacZ gene. DSY1 is constructed as follows: Hie yeast 
strain used for oinstrucfion of DSY1 is DGY63, which has a high transfonmatlon efficlen- 
<7. Reporter constructs encoding GAL1-HIS3, GAL2-ADE2 and GAL1-lacZ are subctoned 

20 ' inter the integrative piasmid pFA€a(URA3) (Gietz & Sugino; 1988) using-standard me> 

thods and are Integrated into the DGY63 genome by multiple tDunds of URA3 selection 
and 5-FOA-mediated pop-out, as described In (James et al.. 1996). The negative reporter 
construct conteining a hybrid promoter conslsiting of four LexA operator sites and a 
CYC1 upstream activating sequence, followed by tiie URA3 gene and the CYC1 tenni- 

25 nator. The expression cassette conteining the minimal CYC1 promoter, fbliowed by the 
nudelc acid sequence encoding a control bait polypeptide fused to L»cM-B42-CYC1 ter- 
minator is subctoned into the integrative piasmid pFA6a(kanl\AX) using stendard yeast 
methodology (Burke et al., 2000) and Is integrated Into the genome using G418-medlated 
selection as described in (Burke et al., 2000). Alternatively, a variant of DSY1 can be 

30 constructed by integration of the negative reporter into the genome of AH 109 or PJ69-4A 
as described above. 



52 



To select yeast transformants expressing interacting bait and prey polypeptides, the HIS3 
marker, the ADE2 marker and the lacZ marker are used. As compared to L40, the ad- 
vantage of DSY1 lies in the option to vary the stringency of the screen by using the follo- 
wing modifications In the selective medium: (1) low stringency: selective medium lacking 
5 leucine, tryptophan and histidine and containing the compound 5-FOA. (2) medium strin- 
gency: selective medium lacking, tryptophan and adenine and containing the compound 
5-FOA. (3) high stringency: selective medium lacking, tryptophan, histidine and adenine 
and containing the compound 5-FOA. 

10 As compared to AH109 and PJ69-4A, the advantage of DSY1 lies in tiie option to carry 
out a bait-dependency test simultaneously during the screening procedure, as desc^n'bed 
above. 

5. DSY2 

15 

DSY2 Is constructed in a similar fashion as DSY1, except that the integrated cassette 
conteins 4xL8xA operator sites-CYC1-UAS-FAR1-CYC1terminator and CYC1 promotar- 
nucdeic add sequence encoding control bait polypeptide-LexM-B42-CYC1 tamiinator on 
the integrative piasmid pFA6a(kanMX). 

20 - •.. .-■ 

To select yeast transformants expressing Interacting bait and prey polypeptides, ttie HiS3 
mari(er, ttie i4D£2 maricer and ttie iadZ marker are used. As compared to L40, tiie ad- 
vantage of DSY2 lies in the option to vary tiie stringency of the screen by using ttie Ibl- 
lowing modifications in ttie selective medium: (1) low stringency: selective medium lack- 
25 ing tiie amino adds leucine, tryptophan and histidine. (2) medium stringency: selective 
medium lacking ttie amino acids leucine, tryptophan and adenine. (3) high stringency: 
selective medium laddng the amino acids leucine, tryptophan, histidine and adenine. 

As compared to AH109 and PJ69-4A. ttie advantage of DSY2 lies In tiie option to carry 
30 out a bait-dependency test simultaneously during ttie screening procedure, as described 
above. 
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As compared to DSY1, the advantage of DSY2 lies in the fact that the selective medium 
does not have to be supplemented with the compound 5-FOA. 

6. L40aipha 

5 

L40alpha is a derivative strain of L40. which has been switched to the opposite mating 
fype (from a to alpha) using standard procedures (Burke et al.. 2000). It is used together 
with L40 In the mating variation of the screening procedure described above. 

10 7. Y187 

The yeast reporter strain Y187 has the following genotype: MATalpha um3-52 his3~20O 
ade2-101 trpl-901 Ieu2-3.112 gal40 met- gal80u URA3::GAL1(UAS)-GAL1(TATA)-lacZ 
MEL1. Its construction Is described in detail in (Harper et aL, 1993). It is used together 
15 with AH1 09 In the mating variation of the screening procedure describe^, ^^^fsove. 

8. PJ69-4aipha 

PJ69-4alpha is a derivative strain of PJ69-4A. which has been svWtched to the opposite 
20 mating type (firom a to alpha) using standard procedures (Burke et al.. 2000). It is used • 
together with PJ69-4A In the mating variation of the screening procedure described abo- 
ve. 

9. DSYM 

25 

DSYIM Is a derivative strain of DGY63, which has been switohed to the opposite mating 
type (firom a to alpha) using standard procedures (Burke et al., 2000). It is used together 
with DSY1 or DSY2 in the mating variation of the screening procedure described above. 
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10. DSYDS1 
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Constructed from DGY63 by knocking out the yeast PDR1-3 genes (which encode 
transcription factors regulating the expression of Erg transporters in yeast) using standard 
methodology (Burke et al., 2000). A reporter cassette containing GAL1-URA3 and GAL1- 
lacZXs Integrated into the URA3 locus using standard methodology (Burke et al., 2000). 

5 

11. DSYDS2 

Constructed flrom DGY63 by knocking out the yeast PDR1-3 genes (which encode 
transcription factors regulating the expression of Erg transporters in yeast) using standard 
10 methodology (Buri<e et al.. 2000). A reporter cassette containing GAL1-FAR1 and GAL1- 
lacZ \s integrated Into the URA3 locus using standard methodology (Burke et al., 2000). 

Real-time reporter element to detect NbM-CbM association to tom n split-ubiaultin 

15 1 . A reporter consisting of a firefly iuclferase-CblW-GFP (FCG) fusion can be used to 
detect protein-protein interactions In rm;: . « Activation of ludferase leads to fluo- 
rescent energy transfer (FRET) across tiie CbM to GFP, which becomes activated 
and emits green light. If a bait protein fused to FCG and a prey protein fused to 
NbM are coexpressed in yeast, the interaction of the two proteins results in the re- 
• 20 constitution of spllt-ublquitin and the cleavage of the CbM-GFP boundary. GFP is- 

liberated and dif^es away firom the luciferase-CbM fusion. Consequently, no 
FRET between ludferase and GFP takes place, if a compound is introduced that 
blocks the interactton between bait and prey proton. GFP is not deaved off any- 
more and FRET between ludferase and GFP will result in the emission of green 

25 light Thus, the effectiveness of a compound in btockhig the interaction between 

two proteins can be measured direcQy by the intensity of GFP fluorescence. 

2. Reporter strain DSYDS3 

30 DSYDS3 is derived firom strain DSYDS2 by integrating a reporter cassette contei- 

ning CYC1-luciferase-CbM-GFP Into the LYS2 locus using stendani methodology 
(Buri<e et al.. 2000). 
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ADDlicatfons of the MbY2H system 

Screening for small compounds that disrupt a defined protein-protein interaction 

5 

The aim of a small compound screen is to identify small compounds that can block a 
protein-protein interaction between a bait polypeptide and a prey polypeptide. The term 
„small compound" is meant to signify any small molecule with a molecular weight up to 5 
kDa, which can be chemically synthesized, extracted or enriched from natural products, 
10 or which can be polysaccharide compounds. 

A small compound library is any collection of the abovementioned small compounds, 
which can be a combinatorial library, a library of defined chemically synthesized com* 
pounds, a library of random chemical compounds, a library of natural compounds, a libra- 
15 ry of natural extracts. The number of compounds in tills library may be smaller than 100 
compounds. 100-^5 • : compounds, 1000-10000 compounds, or more than 10000 com- 
pounds. 

Usually, such a library is supplied in an arrayed format, e.g. in muitiwell microtiter plates, 
.20 . but it may . also be. supplied, ^as pools of compounds or as a cpmpoyncl mixture. The Iden- 
tity of each compound in each well may be known or it may be unknown. There may be 
one or several compounds in each well. 

The screening procedure is carried out as follows: a reporter strain, which may be any 
25 appropriate yeast strain, but which preferably is one of Uie strains described in the secti- 
on ^Reporter strains", is transformed with a bait construct and a prey construct using any 
of the standard procedures described above. A bait construct contains a nucleic acid se- 
quence encoding a bait polypeptide that is inserted Into any of the bait vectors described 
in the section „bait vectors". A prey construct contains a nucleic acid sequence encoding 
30 a prey polypeptide inserted into any of the prey vectors described in the section „prey and 
library vectors". A prerequisite for tiie screening is ttiat tiie bait and prey polypeptides 
interact In the reporter strain in a way such that tiie reassociation of CbM and NbM into 
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split-ubiqultin takes place and that consequently, the reporter gene(s) Is/are activated as 
described avbove. Transformants expressing bait and prey polypeptides are arrayed In 
96-well or 384-well microtiter plates in selective medium. 

5 When using the reporter strain DSYDS1, selective medium is any minimal medium la- 
ding leucine (to select for the presence of the bait plasmlds), tryptophan (to select for the 
presence of the prey construct). The transfomiants are grown for 1-6 cell divisions In the 
selective medium. Compounds from any of the compound libraries described above are 
added to the wells, together with the appropriate amount of 5-FOA (to select against the 
10 protein-protein interaction). Yeast transformants are grown and wells which contain viable 
yeast transfomiants are identifled by measuring the optical density of the welts using 
standard procedures (Burke et ai., 2000). 

Two outcomes are possible: 

1.5 (1) The added compound does not Inhibit the interaction between the bait and the prey 
^polypeptide. In this case, the bait and prey polypeptides will be spatially ctose. reconstitu- 
tion of NbM and CbM will take place and split-ubiquitin will be fomned. Since split-ublqultin 
is fomied, the transcriptional activator polypeptide will be cleaved off by ubiquitin-specific 
proteases and the transcriptional activator polypeptide will diffuse to tiie nucleus of the 

20 yeast cell. As a consequence, the URA3 reporter of the yeast transformant is-acUvated 
and will produce flie URA3 gene product The URA3 gene product converts &-FOA into a 
toxto metabolite tiiat is used by tiie yeast cell and ultimately leads to ceil death. No 
growtti takes place in tiie well containing tiie particular yeast tinansformant and a decrea- 
se in tiie optical density is measured. 

25 

(2) The added compound does inhibit the interaction between the bait and tiie prey poly- 
peptide. In this case, tiie bait and prey polypeptides will not be spatially close, reconstitu- 
tion of NbM and CbM will not take place and split-ubiquitin will not be formed. Since split- 
ubiquitln is not fonned, ttie tiranscriptional activator polypeptide will not be cleaved off by 
30 ubiquitin-specific proteases and the transcriptional activator polypeptide will remain atta- 
ched to tiie bait polypeptide at tiie membrane. As a consequence, tiie URA3 reporter of 
the yeast transformant is not activated and no production of ttie URA3 gene product ta- 
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kes place. As the compound 5-FOA Is not converted to its toxic metabolite, and because 
5-FOA on Its own has no negative effect on ihe yeast cell, the yeast transfomiant will 
continue to grow in the selective media. The growth of the particular yeast transformant Is 
measured as an increase in optical density in the well. 

5 

When using the reporter strain DSY0S2, selective medium Is any minimal medium la- 
cking leucine (to select for the presence of the bait plasmids). tr^tophan (to select for the 
presence of the prey construct). The transformants are grown for 1-5 cell divisions In the 
selective medium. Compounds firom any of the compound libraries described atx>ve are 
10 added to the wells. Yeast transformants are grown and wells which contain viable yeast 
transfonnants are identified by measuring the optical density of the wells using standard 
procedures (Burke et al., 2000). 

Two outoomes are possible: 

15 (1) The added compound does not Inhibit the interaction between the ba<t ^r'! the prey 
polypeptide. In this case, the bait and prey polypeptides vidll be spatially . : -'constitu- 
tion of M>M and CbM will take place and spllt-ubiquitin will be formed. Since spHt-ubiquitin 
Is formed, the transcriptional activator polypeptide will be cleaved off by ubiquitin-speclfic 
proteases and tiie transcriptional ac^vator polypeptide will diffuse to the nucleus of the 

20 yeast cell. As a consequence-, tiie FARi- reporter of the yeast tiransfonnant is-activated v 
and will produce ttie FAR1 gene product The FAR1 gene product will interfdre with pro- 
teins Involved In tiie cell cycle of yeast and will tead to cell cyde annest No growtii tekes 
p\aoe in tiie well containing the particular yeast transformant and a no change In tiie opti- 
cal density is measured. 

25 

(2) The added compound does inhibit the interaction between tiie bait and tiie prey poly- 
peptide. In tiiis case, tiie bait and prey polypeptides will not be spatially close, reconsti'tu- 
tion of NbM and Cbiy^ will not teke place and splrt-ubiquitin will not be formed. Since split- 
ubiquitin Is not formed, tiie transcriptional activator polypeptide will not be cleaved off by 
30 ubiquitin-specific proteases and the transcriptional activator polypeptide will remain atte- 
ched to tiie bait polypeptide at tiie membrane. As a consequence, tiie FAR1 reporter of 
the yeast transformant Is not activated and no production of tiie FAR1 gene product tekes 
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place. Consequently, the yeast transfomiant continues to grow. The growth of the parti- 
cular yeast transformant is measured as an increase in optical density in the well. 

5 Screening for peptides that disrupt a defined protein-protein interaction 

Peptide aptamers are small proteins selected from combinatorial libraries that can bind to 
and modify the enzymatic activity of a certain protein, and thus represent a useful way for 
manipulating protein function in vivo (Fields & Stemglanz, 1994, Yang et al., 1995). Such 
10 combinatorial peptide libraries were so far generated on the surface of filamentous phage 
or were synthesized chemically and coupled to a earner matrix such as resin beads. 

Peptide aptamers are produced firom expression libraries. A peptide aptmamer library is 
constructed by inserting nucleic acid fragements encoding defined or random peptides of 
15 variable lengths (which can be peptide fragements of 4-16 amino acids, or peptide lirag- 
ments longer than 16 amino adds) into an ?: : . . . ii^te expression vector, such as 
p426GAL (Mumberg et al., 1995) using standstt.; procedures (Sambrook & Russell. 
2001). 

20 ' Peptide aptamers may be secreted from the yeast cell or may remain in -the Ooplasm of - 
the yeast cell. If the localization of the peptides is to be cytoplasmatic. no modifications 
are necessary, if the peptides are to be secreted, they are engineered to oontain an N- 
termlnal secretion signal, such as the leader sequence of the yeast invertase (SUC2) 
polypeptide. 

25 

A nucleic acid sequence encoding the bait polypeptide and a nucleic add sequence en- 
coding the prey polypeptide are Inserted Into tiie screening vector pDSduat-1 described in 
tiie section "bait vectors" using standard procedures (Sambrook & Russell, 2001) or the 
In vivo cloning procedure described above. 

30 

A bait/prey construct, which is ttie construct pDSduai-1 expressing a bait and a prey 
polypeptide fused to CbM and NbM. respectively, which interact in yeast and a peptide 
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aptemer library are cotFansformed into a yeast reporter strain using any of tlie methods 
described above. Preferably, tfie bait/prey construct and the peptide aptamer library are 
combined in the yeast reporter strain using the mating method described above. The 
yeast reporter strain can be any appropriate yeast strain but preferably Is the strain 
5 DSYDS1 or the yeast strain DSYDS2. 

When using DSYDS1, transformants are plated on selective medium lacking leucine (to 
select for pDSdual-1) and tryptophan (to select for the library construct encoding the pep- 
tide) and containing the compound 5-FOA. 

10 

When using DSYDS2, transformants are plated on selective medium lacking leucine (to 
select for pDSdual-1) and tryptophan (to select for the library construct encoding the pep- 
tide). 

15 Outcome of the screen: 

(1) The peptide does .nijpt tiae binding of the bait polypeptide to the prey polypep- 
tide. In this case, the i^c:;:^ i^rid prey polypeptides will be spatially close, reconstitution of 
NbM and CbM will take place and split-ubiquitin will be formed. Since split-ubkiuitin is 
formed, the transcriptional activator polypeptide will be cleaved off by ubiquitin-specific 

20 - proteases- and the transcriptional activator polypeptide will difiuse to-lhe-nucleus of -the - 
yeast cell. As a consequence, the URA3 (0SY0S1) or tiie FAR1 (DSYDS2) reporter of 
the yeast transformant is activated and will produce the Ura3 or Farl gene product The 
Ura3 gene product converts 5-FOA into a to)dc metebolite that is used by the yeast cell 
and ultimately leads to cell death, whereas the Farl gene product interferes with the cell 

25 c^le and anrests tiie yeast transformante. Consequently, the transformants do ncA grow 
on the selection plates. 

(2) The peptide does inhibit ttie interaction between the bait and the prey polypeptide. In 
tills case, the bait and prey polypeptides will not be spatially close, reconstitution of NbM 

30 and CbM will not take place and split-ubiquib'n will not be formed. Since split-ubiquitin is 
not formed, the transcriptional activator polypeptide will not be cleaved off by ubiquitin- 
spedfic proteases and the transcriptional activator polypeptide will remain attached to the 
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bait polypeptide at the membrane. As a consequence, the URA3 (DSYDS1) or FAR1 
(DSYDS2) reporter of the yeast transfomiant is not activated and no production of the 
Ura3 or Far1 g&ne product tal<es place. Consequently, the yeast transformant continues 
to grow. Growth of particular transfomnants results in visible yeast colonies on tfie selecti- 
5 on plates. 

Screening for scFS/s that disrupt a defined protein-protein interaction 

10 Single-chain antibodies (scFvs), synthesized by the cell and targeted to a particular cel- 
lular compartment, can be used to interfere in a highly ^dfic manner with ceil growth 
and metebollsm. Like peptides, they may be secreted or may be Intracellular (so-called 
Intrabodies) (Richardson & Marasco. 1995). 

15 " '8 are produced from expression libraries. A scFv library is constructed by inserting 
. .•iic acid firagements encoding a defined scFv framework and hypen^ariable regions 
into an appropriate expression vector, such as p426GAL (Mumberg et al., 1995) using 
standard procedures (Sambrook & Russeli. 2001). The construction and use of scFv li- 
braries has been described numerous times, for example In connection with their use in 

20 phage display (Auf der [\/laur et al., 2001, Boder &Wittnjp, 1997, Gram et al., 1998). 

The screening procedure for scFvs is identical to that described for peptides. 

25 Minimal interaction domain mapping 

This approach involves the Identification of a minimal interaction domain {M\D) of a bait or 
a prey protein, which is capable of blocking the interaction between sakJ bait or prey pro- 
tein. First, a bait protein is expressed as fusion to Cbl\/l/TDA and a prey protein is ex- 
30 pressed as fusion to NbM. Then, MID libraries of the bait and prey proteins are con- 
structed by fragmentation of the cDNAs encoding those proteins into firagments of vari- 
able size and subcloning those fragments into a library vector. The library vector may be 
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to express the MIDs in the cytoplasm of the cell, or It may contain a secretion signal that 
is used to direct the export of the MIDs into the perlplasmic space. Then, a screening ap- 
proach as described for peptide libraries may be used to identify those MIDs that block 
the Interaction between the bait and the prey protein. The coniespondlng cDlsiA is then 
5 isolated and analysed further. 

MID libraries are made by firagmentation of nucleic acids encoding (1) the bait polypep- 
tide (the sequence may be supplied as a PGR product amplified from any nucleic acid 
construct encoding the bait polypeptide or as the nucleic acid construct itself) and (2) the 

10 prey polypeptide (tiie sequence may be supplied as a PGR product amplified finom any 
nucleic add construct encoding ttie bait polypeptide or as the nucleic add construct it- 
self). For each bait and prey polypeptide, a separate MID library is constructed. Alterna- 
tively, the libraries m^ be mixed or a mixed library consisting of bait and prey fragments 
may be made. The average size of the nudeic add fragments in the library may be cho- 

15 sen to suit the experimentel purposes. Fragment may range fipom 50 nucleotide*) »jp to 
6000 nudeotides but preferably, they are in the size range of 100-500 nudeo^l , 500- 
1000 nudeotides. Fragments may be made by any appropriate method, but preferably, 
they are made by random shearing through sonification. After sonlfication, fragnments 
are repaired using standard procedures (Sambrook & Russell, 2001) and are inserted 

20 into art appropifate expression vedor, such as p426GAL (Mumbeig et al.,-1996): • 

MID liberies may be made to oontein secreted MIDs or they may express the MIDs in the 
cytoplasm. If the MIDs are to be secreted, they are engineered to contein an N-terminal 
secretion signal, such as the leader sequence of the yeast invertese (SUG2) polypeptide. 

25 

The nucleic add sequences encoding the bait and prey polypeptides are doned into the 
construct pDSdual-1 , using any of the methods described. 

The screening procedure tor MIDs is identical to that described for peptides. 

30 

Screening for antibody epitopes aaalnst a defined antlaen 
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scFVs may also be used to identify novel antibodies that bind to a given protein. In this 
case, scFv libraries are constaicted where the scFvs are fused to a flexible polypeptide 
linker of 10-20 amino acids, followed by a transmembrane domain, followed by NbM. The 
5 actual construction of the scFv library follows standard methods. 

Introduction of a library plasmid encoding a scFv ftjsion results in the expression of an 
Integral membrane protein, whera the scFv portion is located on the lumenal side of the 
membrane and the NbM is located on the cytoplasmatic side. 

10 

A bait construct is made by inserting a nucleic acid firagment encoding the polypeptide to 
be used as antigen (e.g. the polypeptide against which the final antibody is directed) Into 
any of the bait constmcts using standard methods (Sambrook & Russell, 2001). 

15 The bait constaict and the library are cotransformed Into a suitable reporter strain using 
any of the methods described in the section ,llbraiy sci?; - ^l^^g procedure". Preferably, bait 
and library are coexpressed using the mating procedure descit>ed in the secctlon .library 
screening procedure". Any suitable reporter strain may be used, but preferably. DSY1 or 
DSY2 is used. 

•20 " - • -• "- - 

The screening procedure follows that described for a conventional iy/lbY2H screen outli- 
ned in the section ^library screening procedure". 

25 Orphan G protein-couDlQd recepto r screenino 

G prx)teln coupled receptors (GPCRs) represent the single most Important class of thera- 
peutical targete today. From the complete human genome sequence, it Is estimated that 
there are several hundred different G protein coupled receptors expressed in human tis- 
30 sues, the majority of which are uncharacterized to date. So-called orphan receptors are 
GPCRs for which no endogenous ligand has been identified. There Is great phamnaceuti- 
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cal interest in orplian receptors because they represent potentially novel therapeutic tar- 
gets (Wilson & Bergsma, 2000). 

Unactivated receptor (e.g. receptor that is not bound to an agonist or a ligand) is comple- 
5 xed with heterotrimerlc G proteins which bind to the cytoplasmatic domains of the recep- 
tor. Binding of an agonistic compound to a GPCR results in a conformational change of 
the receptor, which leads to the dissociation of the G alpha subunitfirom the receptor and 
finom the G beta and G gamma subunits. Both G alpha and G beta may then activate se- 
veral signalling components that mediate downstream signalling (Gudermann et al., 
10 1997). 

Screening for llgands that bind to orphan receptors Is an Important field in phamnaceutical 
research. Today, most orphan receptor screens are carried out either in yniro, using parti- 
ally purified membrane fractions containing the receptor under investigation, or in vivo, 

15 using mammalian cell lines that overexpress the GPCR in question. Both approaches 
have drawbacks: In vitro es- - : -^ing does not adequately repres^t the in vivo situation 
and is cumbersome and esqsensive due to the large amounts of partially purified receptor, 
that have to be prepared. In contrast, in vivo screenings put the receptor In its natural 
setting, but the presence of other endogenous receptors with the identical or similar spe- 

20 dflcities may Influence the screening results due to cross4alk-between the receptors and - 
their signalling cascades. Yeast represents an interesting alternative to the abovementio- 
ned approaches. Screening is carried out in a ccellular setting, thus presen/ing most phy- 
siological parameters, but cross-talk between receptors is abolished since yeast only ex- 
pressed two GPCRs and only 3 Q proteins, as composed to the hundreds of difTerent 

25 GPCRs and dozens of G proteins that are expressed in mammalian cells. 

GPCRs have been sucessflilly expressed in yeast and it most cases, the phannacologi- 
cal fingerprint of the original receptor is preserved- (Pausch, 1997. Rellander & Weiss. 
1998). Although the giycosylation pattern in yeast Is not identical to that of mammalian 
30 cells, it has been shown giycosylation is often not necessary for the specific binding of 
llgands by GPCRs (King et al., 1990). 
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In order to adapt the MbY2H system for the identification of llgands for orphan receptors, 
the following steps are necessary. 

Bait construction 

5 

A nucleic acid sequence encoding the GPCR under investigation is inserted into any of 
the bait constructs described using any of the standard methods described in the section 
.library screening". Preferentially, the nucleic acid sequence enccoding the bait receptor 
is inserted into pCMGA74B42. The signal sequence directing the correct Insertion of the 
10 receptor into the membiane may be the original signal sequence of the receptor or prefe- 
rentially, the original signal sequence of the receptor is replaced by a signal sequence 
derived firom a yeast polypeptide such as the yeast GPCR Ste2p or yeast invertase 
(SUC2). 

15 Verifi ca tion of correct exoresston 

Following transformation into an appropriate reporter strain, which may be any reporter 
strain listed in the section .reporter strains" but which preferentially is DSY1 or OSY2 and 
most preferBntially, DSYDS1 or DSYDS2. the receptor is expressed as a fusion to CbM 
20 and a reporter moie^,- which may any of the reporter moieties' described- in the section 
„bait vectors" but which preferably is Gal1-93-B42 and most preferably, Gal1-74-B42. 
Verification that the receptor is correctly expressed and integrated into the membranes 
may be canied out using any of the methods described In the section .library screening". 

25 Prev construction 

For the purpose of an orphan receptor iigand screen, the prey Is defined as any protein 
that interacts with the receptor under investigation in a manner such that the Interaction is 
abolished upon iigand binding. Preferentially, the prey is any G alpha subunit or any G 
30 beto subunit of a heterotrimeric G protein complex and most preferentially, it Is a promis- 
cous G alpha subunit such as human G alpha 16 or murine G alpha 13. The nucleic acid 
sequence encoding the G protein may be inserted into any of the library or prey 
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constnjcts described In the section ..prey and library vectors" but preferentially, it is in- 
serted into p424CUP1-NfaM-x or p424CUP1-x-Nbl\/l. The constructs p424CUP1-Nbiy/l-x or 
p424CUP1>x-NbM are identical to p424NbM-x and p424x-NbM, respectively, except that 
the CYC1 promoter has been replaced by a CUP1 promoter. The G protein may either be 
5 fused N-terminally or C-termlnally to NbM. The correct expression of the prey may be 
verified using any of the standard methods described in the section Jibrary screening". 

Screening 

10 Screening is initiated by cotransforming Isait and prey constructs into any of the reporter 
strains described. Following transformation, the yeast transformants are expanded in se- 
lecQve medium lacldng the amino acids leucine (to select for the presence of the bait 
construct) and tryptophan (to select for the presence of the prey construct). Following 
expansion, liquid yeast cultures are allquoted into se-well or 384-well plates. Expression 

15 of the bait and prey polypeptides are induced by the addition of copper to the m<F " - v., 
and directly aftenA/ards. a particular compound finom a compound library is addei^ . ' . 
well. When using DSYDS1, the compound &-FOA is added together with the copper to 
the medium. The compound library may be any of the compound libraries described abo- 
ve or it may be any compound library that has been manufactured ^ressively for the 

20 purpose of orphan' receptor ligand screening. Allquoting the yeast strain, addition of oop^ 

per and addition of compounds is done in a automated fashion using standarxl high 
throughput screening methodology. 

The following outcomes are possible: 

25 

(1) The added compound does not bind the receptor. In this case, no confonnationat 
change in the receptor takes place and ttie majority of all heterotrimeric G proteins will 
remain bound to the receptor. The spatial proximity of G alpha and the GPCR leads to 
the reconstitutlon of HbM and CbM and the formation of split-ubiquitin. Since split- 
30 ubiquitin Is formed, the transcriptional activator polypeptide will be cleaved off by ubiqul- 
tln-specific proteases and the transcriptional activator polypeptide will diffuse to the nuc- 
leus of the yeast cell. As a consequence, the URA3 (DSYDS1) or the FAR1 (DSYDS2) 
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reporter of the yeast transformant is activated and will produce the Ura3 or Far1 gene 
product. The Ura3 gene product converts 5-FOA into a toxic metabolite that is used by 
the yeast cell and ultimately leads to cell death, whereas the Far1 gene product interferes 
with the cell cyle and arrests the yeast transformants. Consequently, the transformants 
5 do not grow in the selection medium. 

(2) The added compound binds and activates the receptor. The conformational change 
following receptor activation leads to the dissociation of the G proteins from the receptor 
In this case, the bait (receptor) and prey (G alpha or G beta) polypeptides will not be spa- 

10 tially close, rBconstitution of NbM and CbM will not tal^e place and split-ubiquitin will not 
be formed. Since split-ubiquitin is not formed, the transcriptional activator polypeptide will 
not be cleaved off by ubiquitin-specific proteases and the transcriptional activator poly- 
peptide will remain attached to the bait polypeptide at the membrane. As a consequence, 
the URA3 (DSYDS1) or FAR1 (DSYDS2) reporter of ttie yeast transformant is not actl- 

15 vated and no production of the Ura3 or Far! gene product takers place. Consequently, the 
yeast transformant continues to grow. Growth of particuirv >' . - r^iiTnants In the selectbn 
media is then measured by measuring the optical density o'r yeast culture. 

Modification 1 

- 20 " In a' modification of the procedure described-above,- the- receptor can be expressed-as-sm- 
unfosed polypeptide lirom any suitable yeast expression vedtor (such as p424GAL1 or 
p424CYC1, i\/lumberg et al., 1995) and the bait and prey polypeptides are expressed 
from pDSdual-2. The construct pDSdua)-2 is identical to pDSdual-1 described in the sec- 
tion „bat vectors", except that the CYC1 promoters have been replaced by CUP1 pro- 
25 motors. In this modification, the bait is any G alpha subunit, but preferably a promiscous 
alpha subunit such as human G alpha 16. and the prey is any G beta subunit 

The expression, the verification of expression and the screening are carried out exactly 
as described at)ove. In this case, binding of a llgand to the receptor induces dissodat'on 
30 of the G protein complex and therefore leads to the spatial separation of G alpha and G 
beta. Spatial separation of G alpha and G beta prevents fomnatlon of split-ubiquitin by 
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NbM and CbM and prevents expression of URA3 (DSYDS1) or FAR1 (DSYDS2), leading 
to growth of the transformant In selective medium. 

Modification 2 

5 In another modification of the procedure described above, the receptor is expressed as 
an unfused polypeptide from any suitable yeast expression vector (such as p424GAL1 or 
p424CYC1, Wlumberg et ah, 1995) and the bait and prey polypeptides are expressed 
from pDSdual-2. The bait is adenylate cyclase and the prey is any G alpha subunit, but 
preferably a promiscous alpha subunit such as human G alpha 16,. For screening any 
10 suitable yeast reporter strain can be used, but preferably. L40, AH109 or PJ69-4A and 
most preferably. DSY1 or DSY2 Is used. 

The expression, the verification of expression and the screening are carried out exactly 
as described above, except that the selective medium is lacking leucine (to select for 
IS pDSdual-2. tryptophan (to select for the expression construct encoding the receptor) and 
adenine and histldine. The st?;r of the screen may be varied by supplementing"^ 

either adenine or histldine. as di^;iijr ibed in the section JIbrary screening procedure". 

The following outcomes are possible: 

• 20 • ' - • • - • • . . . . 

(1) The added compound does not bind the receptor. In this case, no confonmational 
change in the receptor takes place and the majority of all heterotrimerfc G proteins will 
remain bound to the receptor. If G alpha remains bound to the receptor, it cannot reach 
adenylate cyclase and consequently, NbM and CbM are not spatially close and no split-- 

25 ubiquitin is formed. Since no split-ublquitin is formed, the transcriptional activator poly- 
peptide will not be cleaved off by ubiquitin-specific proteases and the transcriptional acti- 
vator polypeptide Is unable to reach the nucleus of the yeast cell. As a consequence, the 
reporter genes of the yeast transformant are not activated and will not produce any re- 
porter protein. Therefore, the respective yeast transformant will be unable to grow in the 

30 selective medium. 
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(2) The added compound binds and activates the receptor. The conlbrmatlonal change 
following receptor activation induces dissociation of G alpha from G beta and G gamma, 
followed by binding of G alpha to adenylate cyclase. The cloese spatial proximity of G 
alpha and adenylate cyclase brings NbM and CbM Into close proximity, leading to the 
5 reconstitution of split-ubiquitln. Since spllt-ublquitin is fomned, the transcriptional activator 
polypeptide will be cleaved off by ubiquitln-specific proteases and the transcriptional acti- 
vator polypeptide will diffuse to the nucleus of the yeast cell. As a consequence, the re- 
porter genes of the yeast transformant are activated and will produce the reporter protein. 
Therefore, the respective yeast transformant will be able to grow in the selective medium. 
10 Growth of parb'cular transformants in the selection media is then measured by measuring 
the optical density of the yeast culture. 

Modification 3 

This modification is used to specifically select compounds that bind one GPCR but a re- 
15 lated GPCR. For example, GPCR 1 (the bait) may be the t>eta2 adrenergic receptor and 
GPCR 2 : '.control) may be the beta1 adrenergic receptor. The use of modification 3 in 
screening will lead to the isolation of compounds that selectively activate the beta2 adre- 
nergic receptor but not the betal adrenergic receptor. The identification of novel com- 
pounds that show no unspecific cross-talk between GPCRs of the same subclass or even 
20 between unrelated GPCRs is of enormous importance for the pharmaceutical industry.- - - 

In modification 3 the nucleic add sequence encoding a G alpha subunit, whi<^ may be 
any G alpha subunit but which preferably is human G alpha 16, Is inserted into the 
construct pDS-INbM such that a fiislon of G alpha 16 and NbM results. 

25 

pDS-INbM is an integrative vector canying the fbliowing expression cassette: the cas- 
sette contains a CYC1 promoter fbr low level expression In yeast, followed by a multiple 
cloning site containing multiple recognition sites for restriction endonucleases and se- 
quences for the in >^'vo cloning described in the section .fibrary screening procedure", 
30 followed by the sequence encoding NbM, followed by a CYC1 terminator. 
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Alternatively, the cassette may contain a CUP1 promoter Instead of a CYC1 promoter to 
allow the Inducible expression of the fusion polypeptide. 

The backbone of the construct contains elements necessary Ibr the integration of the 
5 construct into the yeast genome, such as a kanMX cassette and appropriate homology 
regions. Furthermore, the vector contains the kanamycine resistance cassette for selecti- 
on in £. coli, and the pUC origin of repPrcatlon for propagation In E coll 

This vector is suitable for the low level or inducible expression of a NbM-fiJsed polypetide. 

10 

The construct encoding adenylate cyclase and a G alpha subunit in pDS-lduai-1 is in- 
tegrated into the genome of an appropriate reporter strain using standard methods (Burke 
et al.. 2000), which may be any reporter strain but which preferably is DSYDS1 or most 
preferably DSYDS2. 

15 

The nucleic acid sequence enoding the GPCR Ibr which Rgands are to be found (tern> - c 
GPCR 1) is inserted into any of the bait vectore described In section 2, but preferably into 
pCUP1-CbiyA-OB42, which is Identical to pCUP1-CbM-TDA. but where the nucleic add 
sequence encoding VP16 has been replaced by the nucl^c acid sequence encoding B42 
20 and where the LEU2 martor has been replaced by TRP1 marker: - When transformed into - 
yeast, this construct expresses a fusion polypeptide t)etwen GPCR 1 and L6xlM-B42. 

The nucleic acid sequence enoding the GPCR which must not bind ligands that bind to 
GPCR1 (temned GPCR 2) is inserted into any of the bait vectore described in section 2. 
25 but preferably into pCGA74B42 or pCGA93B42. When transformed into yeast, this 
construct e}q3res8es a fusion polypeptide betwen GPCR 2 and Gal4 amino acids 1-74- 
842. 

< • . • * * 

The yeast reporter strain carrying the integrated construct is transfomed with the two 
30 constructs encoding GPCR GPCR 2 baits and grown In selective medium lacking the a- 
mino acids tryptophan (to select for the construct encoding GPCR 1) and leucine (to se- 
lect for the construct encoding GPCR 2). 
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Yeast transformants are aliquoted Into 96-well or 384-well plates and selective medium 
lacking the amino acids leucine, tryptophan and the compound adenine (to select against 
activation of GPCR 2) compound is added. Following the addition of the compound, cop- 
5 per Is added to Induce expression of the GPCRs and If DSYDS1 is used, 6-FOA is ad- 
ded. 

Selection is canied out as described above. 
10 The following outcomes are possible: 

(1) The added compound does not bind the GPCR 1. in this case, no confomnational 
change in the receptor takes place and the majority of all heterotrimeric 6 proteins will 
remain bound to the raceptor. The spatial proximity of G alpha and the GPCR leads to 

IS the reconstltutlon of NbM and CbM and the formation of split-ubiquitin. Since spiit- 
ublquitin Is fbrmed, LexA-B42 will be cleaved off by ubiquitin-^H^"^^ • ' -Q^ and will 

diffuse to the nudeus of the yeast cell. As a consequence, the URA3 (DSYDS1) or the 
FAR1 (DSYDS2) reporter of the yeast transformant is activated and will produce the Ura3 
or Pari gene product The Ura3 gene product converts 5-FOA into a toxic metabolite that 

20 Is used by the yeast cell and ultimately leads^ to cell death, whereas the Pari- gene pro-- 
duct interferBS with the cell c^le and arrests the yeast transformants. Consequently, the 
transformante do not grow In the selection medium. 

(2) The added compound binds to GPCR1 and not to GPCR 2. The conformational chan- 
25 ge foltowing receptor activation leads to the dissociatton of the G proteins firom GPCR 1 . 

In this case, the bait (receptor) and prey (G alpha) polypeptides will not be spatially close, 
reconstltutlon of NbM and CbM will not teke place and split-ubiqultin will not be formed. 
Since spllt-ubiquitin is not formed, LexM-B42 will not be cleaved off by ubiquitin-spedfic 
proteases and will remain atteched to the bait polypeptide at tiie membrane. As a conse- 
30 quence. the URA3 (DSYDS1) or FAR1 (DSYDS2) reporter of the yeast transformant Is 
not activated and no production of the UraS or Far1 gene product tekes place. Conse- 
quently, tiie yeast transfonnant continues to grow. Since GPCR 2 Is not activated by tine 



71 



compound, G alpha-NbM remains bound to GPCR 2, the dose spatial proximity of CbM 
and NbM leads to their association to form spllt-ublquitin and the Gal-B42 polypeptide is 
cleaved off and activates the ADE2 reporter. Therefore, the transformants survive selec- 
tion in the selection medium lacking adenine. Growth of particular transfomnants In ttie 
5 selection media Is then measured by measuring the optical density of the yeast culture. 

(3) The added compound binds to GPCR 1 (with the outcome described In (2)) but also to 
GPCR 2. The conformational change in GPCR 2 leads to the dissodation of G alpha- 
NbM from GPCR 2. Since the ubiquitin-specific proteases do not recognize the CbM mol- 
10 ety alone, the Gal-B42 polypeptide Is not deaved off. Consequently. Vne ADE2 reporter Is 
not activated and the transformant does not grow in the selection medium. 

Examples 

15 

Example 1 

MbY2H screen using the beta2 adrenergic receptor as a bait 
■ 20 ■ Bait donina • • - .... 

The bait vector pCbM-TDA described in the section „bait vectors" was modified by inser- 
tion of the leader sequence finom the yeast STE2 gene Into the Xba i and Pst I sites. The 
sequence of the leader was exactly as described by (King et ai., 1990). The coding se- 
25 quence of the human b6ta2 adrenergic receptor was amplified fiiom human genomic DNA 
(Promega Corporation, Madison, Wl. USA) and cloned into the vector pSte-CbM-FLV. 

Verification of expression • 

30 Corred expression of the receptor was verified by western blotting using an antibody di- 
rected against the VP16 domain (Clontech). in the yeast strain L40 expressing the 
construd pBAR-CbM-TDA, a double band at 75 and 100 kDa was visible (Figure 9A). No 
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bands were visible In control extracts of L40 transformed with a vector supplying the 
LEU2 resistance marker. The presence of the receptor in membranes of L40 was verified 
using a standard membrane fractionation method as described in the section Jibrary 
screening procedure". As shown in Figure 9B, the receptor was only found In the memb- 
5 rane fraction, but not In the soluble fraction. 

Self-acHvation test 

Self-acHvatlon of the receptor-LexA-VP16 fusion was assessed by testing growth of 
10 transformants on selective medium lacking the amino adds histldlne. leucine and tryp- 
tophane and containing 16 mM 3-AT and by assaying beta-galactosldase activity using a 
standarxJ filter test Transformants expressing the receptor showed no activity in the beta- 
galactosldase assay. 

15 Screening ag ainst a NbM-x librarv 

A screen was canied out using a human brain NbM-x library constaicted by Life Techno- 
logies (Carlsbad, CA, USA). Cotransformatlon and growth on selective plates was per- 
formed as described In the section „ilbrary screening procedure". Selection yleMed ap- 

20 proximate^ 300 colonies. Following a beta-galactosldase filter assay on the primary se-^- 
lection plates, 96 colonies shovWng strong Induction of betei-galactosldase activity were 
picked and restreaked on selective media. Following a second beta-galactosldase filter 
assay. 59 positive clones were processed for westem blotting and plasmid Isolation as 
described In the section Jibrary screening procedure". Library plasmlds were reintrodu- 

25 ced Into L40 together with either pBAR-CbM-TDA or the control construct pErbB3-TDA. 
encoding the human ErbB3 receptor fused to CbM-LexM-VP16. and assayed for growth 
on selective plates and beta-galactosldase activity. Of 59 clones. 19 scored as bait- 
dependent, I.e. they interacted with the beta2 adrenergic receptor but not with the ErbB3 
receptor. Plasmlds from bait dependent clones were sequenced 

30 



Figure 9 
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Expression of the beta2-adrenerglc receptor In the yeast reporter strain L40. (A) L40 was 
transformed with the construct construct pBAR-CblW-FLV and with an empty vector car- 
rying the LEU2 resistance marl<er. Two independent transformants were selected from 
5 the transformation plates and grown in selective medium to an OD(600) of 1.0. Extracts 
were prepared aaccordfng to standard procedures, mn on 12% SDS-PAGE gels, trans- 
fen-ed to nitrocellulose and the fusion proteins were detected using a polyclonal rabbit 
antibody against the VP16 domain. Lanes 1 and 2: extracts from two independent clones 
transfomied with the construct pBAR-CbM-TDA show a prominent band at 100 kDa, the 

10 expected size for the beta2 AR-CbM-TDA fusion polypeptide, as well as smaller bands of 
75, 40 and 35 kDa, possibly representing postranslational modification or proteolytic de- 
gradation products. Lanes 2 and 3: L40 transformed with empty control vector. No bands 
are detected by the VP16 antibody. (2) The beta2 AR is localized In the membrane. L40 
cells transformed with pBAR-CbM-TDA were lysed and extracts were separated Into so- 

15 luble and particulate Inactions. Lane 1: total extract Two bands of 100 and 75 kDa, as 
well as lower molecular weight bands around 37 kDa are detected by the VP16 antibody: 
Lane 2: soluble firaction. No receptor Is found in the soluble fraction. Lane 3: particulate 
fraction (membranes). The VP16 antibody recoglnizes a 100 kDa band representing tiie 
beta2 adrenergic receptor. (C) Self-activation test of pBAR-CbM-TDA transformed in L40. 

20 Yeast transformants were plated on selective medium lacking -ieucine to select -for the • 
presence of the constructs and after Incuabtion at 30°C for tiiree days, a beta- 
galactosidase filter assay was performed. (1) Clone 1 tranformed wiOi pBAR-CbM-TDA. 
lane 2: clone 2 transformed wifli pBAR-CbM-TDA, lane 3: emtpy vector, lane 4: positive 
control. No beta-galactosidase expression Is found in two Independent yeast colonies 

25 transformed with pBAR-CbM-TDA, indicating that Vne reporter genes of L40 are not acti- 
vated by tine expression of beta2 AR-CbM-TDA. 



30 



Example 2 
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Filter assay for the detection of p-galactosldase activity. 

1. The yeast expressing Y-CbM-TDA are grown together with NbM-fusion proteins for two 
5 days at SO'C on sterile Whatman filters on drop-out agar plates lacking leucine and tryp- 
tophan. The drop-out-medium is used because cells tend to grow poorly in standard 
minimal medium. 

2. Using forceps, the filter is transfen-ed and dipped Into liquid nitrogen for 3 min and al- 
io lowed to thaw at room temperature. 

3. The filters are overlaid with 1.5% agarose in 0.1 M NaP04-buffer (pH 7.0) containing 

0. 4 mgAml X-gal. 

15 4. The filters are Incubated at 30°C for 0.4-24 hours. 

20 Quantitation Of p-^alactbsiddse activity: 

1, Yeast transformants expressing Y-CbM-TDA are inoculated together with NbM-tiislon 
proteins into 3 ml of liquid drop-out medium lacking uradl. leucine and tryptophan. 

25 2. Incubation at 30"C until cultures reach midlog phase (ODs4e ~1 .0) 

3. Cells are pelleted firam 1 ml of culture, washed once in Z bufl'er, and resuspend in 300 
fil Z-buffer. 

30 4. 1 00 cells are taken and lysed by 3 freeze/thaw cycles. 
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5. 700 ^l Z-buffer containing 0.27 % (vN) p-mercaptoethanol and 160 ^1 ONPG (4 mg/ml 
in Z-buffer) are added and incubated for 1-20 hours at SO'C. 

6. 400 }il 0.1 M NaCQsare added, the samples centrifuged, and the OD^eois measured. 

5 

7. The p-galactosidase activity is calculated using the fomnula: 

p-galactosidase units » 1 000 x OD42o/(OD54e x min) 

10 Example 4 

Western blot analysis of cells expressing Y-Cbl\A-TDA together with NbM-llisions 

1. Yeast cells expressing Y-Cbi\/I-TDA together with NbM-fuston proteins are grown at 
15 30'C to an OD548 of 0.3-1 .2 in drop-out liqv'r' solium laddng leucine and tryptophan. 

2. Th& cells .are pelleted and resuspended in 50 fil 1.85 NaOH per 3 OD units of ceils, 
and incubated on ice for 10 min. 

20 3. The same volume of 50 % trichloroacetic acid is added, and the proteins are precipi- 
tated by centrifugation for 5 min. 

4. The pellet is resuspended in 50 ^i of SDS-sample buffer containing 8 M urea. 

25 5. 20 nl of 1 M Trls.base is added and the protein is dissolved at 37'C (heating to 96°C 
sometimes results In tiie clumping of membrane proteins). 

6. The samples are centrifuged for 2 min. and 10 |ji extract is used for SDS- 
PAGE/Westem blotting analysis. 

30 

7. The amount of protein loaded by Coomassie staining of the SDS-gels is verified. 
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8. The membranes are probed with peroxidase-IgG at 1:6000 dilution. Protein A-fuslon 
proteins are detected by enhanced chemiluminescence (Pierce of Amersham). 

5 
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CLAIMS 1 to 47 



A method for detecting an interaction between a first membrane bound protein or 
part thereof and a second protein or part thereof which is either membrane bound 
or soluble, the method comprising: 



(a) providing a host cell containing at least one detectable gene (reporter gene) 
having a binding site for a transcriptional activator, such that the detectable 
gene expresses a detectable product, preferably a protein, when the detect- 
able gene Is transcriptionally activated; 



(b) providing, as part of a bait vector, a first chimeric gene capable of being ex- 
pressed in said host cell, the first chimeric gene coding inter alia for a first 
membrane protein or part therec? eh gene is attached to the DMA- 
sequence of a first module encoding Inter alia a first protein sequence in- 
volved in intracellular protein degradation and a transcriptional activator, 
said first protein or part thereof to be tested whether it can interact with a 
second protein or part thereof; 



(c) providing, as part of a prey vector, a second chimeric gene capable of being 
expressed in said host cell, the second chimeric gene coding inter alia for a 
second protein or part thereof which is either membrane bound or soluble 
and which gene is attached to the DMA sequence of a second module en- 
coding inter alia a second protein sequence involved in Intracellular protein 
in degradation; 

(d) introducing the bait vector and the prey vector into the host cell such that an 
interaction between the expressed first and second protein and/or their parts 
can take place, which interaction leads to an interaction of the first protein 
sequence of the first module and the second protein sequence of the sec- 
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ond module which interaction in turn leads to activation of an intracellular 
protease and proteolytic separation of the transcriptional activator, at least 
one of the bait vector and prey vector, preferably both, being suitable for 
being maintained episomaiiy; 

5 

(e) detemnining whether flie detectable gene of the host cell has been activated 
by the transcriptional activator. 

2. The method according to daim 1, wherein the host cell is a yeast, a t>acterial or a 
10 mammalian cell. 

3. The method according to daim 2, wherein the host cell is a Sacchammyces pom- 
be cell or, mors preferably, cells of the budding yeast Saccharomyces cetBw^e. 

15 4. Tlie method according to any of daims 1 to 3, wherein the detectable gene is 
activated by -y^ or artificial activator, preferably an activator comprising a 
short tagging module. 

5. The method according to any of daims 1 to 4, wherein the detectable gene is 
20 activated by the arlifidal transcriptional activator protein A-L6xA-V16 (FH.V): - - 

6. The method according to any of daims 1 to 5. wherein the first protein sequence 
comprises a Otemninal portion of ubiquitin (Cub) or a mutant thereof (CbM) and 
the second protein sequence comprises an N-tenninai portion of ubiquitin (Nub) 

25 or a mutant thereof (Nbiy/I). 

7. The method according to any of claims 1 to 6, wherein the DNA-sequence coding 
for the first membrane protein is selected from the group consisting of any bacte- 
rial membrane protein, any viral membrane protein, any oncogene-encoded 

30 membrane protein, any growth factor receptor or any eul<aiyottc membrane pro- 

tein, or parte thereof. 
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The method according to any one of the preceding claims wherein the second 
membrane protein or the soluble protein, or part thereof, is encoded by a library 
ofplasmids. 

A kit for detecting binding between a first membrane bound protein or part thereof 
and a second protein or part thereof which is eittier membrane tXHjnd or soluble 
comprising: 

(a) a host cell containing at least one detectable gene (reporter gene) ha>n'ng a 
binding site for a transcriptional activator, such that the detectable gene ex- 
presses a detectable product, preferably a protein, when the detectable ge- 
ne is transcriptionally activated; 

(b) a first vector (bait) comprising a first site capable of receiving a first nucleic 
acid coding for a first membrane protein or part thereof such that when the 
first nucleic add is inserted it becomes attached to the DNA secpjence of a 
first module encoding inter alia a first protein sequence involved in intracel- 
lular protein degradation, the module further comprising a nudeic for a 
transcriptional activator; 

(d) a second vector (prey) comprising a second site capable of receiving a se- 
cond nudeic acid coding for a second membrane protein or a soluble pro- 
tein or part thereof such that when the second nudeic acid Is Inserted it be- 
comes atteched to fiie DNA sequence of a second module encoding inter a- 
lia a second protein sequence involved in intracellular protein degradation; 
and optionally 

(e) a plasmid library encoding second proteins or parts thereof. 

The Idt according to dalm 9, wherein the host cell is a yeast, bacterial or mamma- 
lian ceil. 
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1 1 . The kit according to claim 1 0, wiierein the host cell is a yeast cell, preferably of 
Saccharomyces pombe and most preferably of the budding yeast Saccharomy- 
ces cerevisiae. 

5 12. The kit according to any of claims 9 to 1 1 . wherein the detectable gene can be 
activated by a natural or artificial activator, preferably an activator comprising a 
short tagging module. 

1 3. The kit according to any of claims 9 to 1 2. wherein the detectable gene can be 
10 activated by the arOficial transcriptional activator Protein A-LexA-V16 (PLV). 

1 4. The kit according to any of claims 9 to 1 3. wherein the first protein secpjence 
contains the C-terminai part of ubiquitin (Cub) or a mutant thereof and ttie second 
protein sequence contains the N-Terminal part of ubiquitin (Nub) or a mutant the- 

15 reof. 

15. The kit according to any of claims 9 to 14. wherein the promoter is selecied firom 
the group consisting of ADH promoter. CYC1 promoter or TEF1 promoter. 

20 16. The kit according to any of claims 9 to 1 5, wherein the DNA-sequence coding for 
the first membrane protein is derived from any bacterial membrane protein, any 
viral membrane protein, any oncogene-encoded membrane protein, any growth 
factor receptor or any eukaryotic membrane protein, or parts thereof. 

25 17. The kit according to any of claims 9 to 1 6, wherein tiie DNA-sequence coding for 
the second protein is contained In a library of plasmids. 

18. Vector useful as a bait vector in a method according to any of claims 1 to 8 or a 
kit accoitiing to any of claims 9 to 17 comprising the following elements: 
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(1) a selection mari<er for propagation of the vector in E. coli; 

(2) an origin of replication whic^ allows propagation of the vector in E. coir. 
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(3) a further selection marker for propagation of the vector in yeast; 

(4) an origin of replication which allows propagation of the vector In yeast; and 

(5) an expression cassette comprising the following elemente; 

(a) an inducible promoter that controls low level expression; 

(b) a nucleic acid sequence encoding a leaden 

(c) a site capable of receiving a nucleic acid encoding a protein; 

(d) a nucleic add sequence encoding the C-ternrnnal part of yeast ubi- 
quIUn (Cub) or mutated yeast ubiquitin (CbM); 

(e) a nucleic acid sequence encoding a tag that allows detection of the 
fusion protein; 

(f) a nucleic acid sequence encoding a DNA binding protein; 

(g) a nucleic acid sequence encoding a transcriptional aerator, and 

(h) a terminator sequence. 

The vector according to daim 18, wherein ths selection maricer according to ele- 
ment (1 ) comprises a marker selected frc :;iiipidlllne resistance gene, the 
teinamydne resistance gene or the chtorampi ienicol resistance gene. 

The vector ac(K}rding to any of claims 18 or 19, wherein the origin of replteatton 
according to element (2) is selected firbm a pUC based or pBR322 origin of repli- 
cation. 

The vector according to any of claims 18 to 20, wherein the selectton marker ac- 
cording to element (3) is selected firom any marker that Is selectable in S. cersvi- 
s/ae, preferably the LEU2 gene. 

The vector according to any of claims 18 to 21. wherein the origin of replication 
according to element (4) is a low copy number origin, preferably seleded from 
CEN and ARS origins. 

The vector according to any of claims 18 to 22, wherein the promoter according to 
element (5a) is selected from a CYC1 promoter or a CUP1 promoter. 
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24. The vector according to any of claims 18 to 23, wlierein the nucleic acid sequen- 
ce encoding a leader according to element (5b) is selected from a signal sequen- 
ce derived from a yeast integral membrane protein or a signal sequence which 

5 confers fatty acid modification preferably to the following peptide (N- 

WIGCTLSAEDKPGGP-C). 

25. A vector according to any of claims 18 to 24, wherein the site for receiving a nuc- 
leic acid sequence according to feature (5c) is a multiple cloning site or a se- 
quence allowing the insertion of a Hirther nucleic add sequence by in vivo recom- 
bination. 

A vector according to any of claims 18 to 25, wherein the nucleic acid sequence 
according to element (5d) encodes the C-terminal part of yeast ubiquitin firom a- 
mino acids 35 to 76. 

A vector accordir ty ^^ siny of claims 18 to 26, wherein the tag for detecting the 
expression of the polypeptide fusion Is selected from epitopes of Gal4, LexA. B42 
or VP16 or 3x FLAG. 3x MYC or HA epitopes or the hemagglutinin epitopes. 

A vector according to any of claims 1 8 to 27, wherein the nucleic acid encodbig 
the DNA binding protein according to element (5f) is selected from the sequence 
encoding the bacterial LexA protein, the sequence encoding the yeast Gal4 pro- 
tein, more preferably amino acids 1 to 93, most preferably the sequence encoding 
amino adds 1 to 74 of the Gal4 protein. 

A vector according to any of claims 18 to 28. wherein the transcriptional activator 
according to element (5g) is selected tirom the IHerpes s//np/ex virus protein VP16 
or more preferably the acidic domain B42. 
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27. 

20 

28. 

25 

29. 
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A vector according to any of claims 18 to 29, wherein the terminator sequence 
according to element (5h) is selected from the CYC1 or ADH1 terminator sequen- 
ce. 

A vector according to any of claims 18 to 30, wherein the vector further contains a 
sequence coding for a first membrane bound protein or part thereof (the bait pro- 
tein). 

A vector suiteble as a prey vector In a method according to any of claims 1 to 8 or 
a k'rt according to any of daims 9 to 17 comprising the following elements: 

(1 ) a selection marker for propagation of the vector in E. colt; 

(2) an origin of replication which allows propagation of the vector in E. cott^ 

(3) a selection marlcer for propagation of the vector in yeast; 

(4) an origin of replicaflon which allows propagation of the vector in yeast; and 

(5) an expression cassette comprising the following elements: ' ^ 

(a) a promoter dement conferring low level expression or inducible ex- 
pression or high level expression; 

(b) an open reading firame encoding the N-terminai part of yeast ubiqui- 
tin (Nub) or a mutated ubiquitin (NbM); 

(c) a nucleic add sequence ^coding a tag which allows detection of tiie 
expressed polypeptide fUsion; 

(d) a site capable of receiving a nucleic add sequence encoding a pro- 
tein; and 

(e) a terminator sequence. 

The vector according to daim 32. wherein the selection marker according to ele- 
ment (1) is seleded firom the ampidlline resistance gene, the l<anamydne re- 
sistance gene aruJ the chloramphenicol re^stance gene. 

The vedor according to any of daims 32 or 33. wherein the origin of replication 
according to element (2) is seleded finom an origin such as pUC based or 
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pBR322 based origin or preferably an origin of replication allowing a high copy 
number of the plasmid when propagated in E. coli. 

36. The vector according to any of claims 32 to 34, wherein the selection marker ac- 
5 cording to element (3) Is selected from a marker that is selectable in S. cerevisi- 

ae. preferably a sequence encoding the TRP1 gene. 

36. The vector according to any of claims 32 to 35, wherein the origin of replication 
accoreiing to element (4) Is selected finom an origin which allows propagation of 

10 the vector is S. cemv/s/ae, preferably the two micron based or CEN/ARS origin of 

replication or more preferably an origin of replication that allows a high copy 
number in S. cerews/ae, preferably the two mkron origin of replication. 

37. A vector according to any of claims 32 to 36, wherein the promoter element ao- 
1 5 cofxllng to element (6a) Is selected from CYC1 , GAL1 , CUP1 , ADH1 or TEF1 

38. A vector according to any of claims 32 to 37, wherein the open reading frani& 
according to element (5b) encodes a part of the yeast ubiqultin comprising amino 
acids 1 to 37 of the wild-type or said part bearing an amino acid exchange at 

20 either position 3 or position 1 3 or both, wherein the amino add repladng the ori- 

ginal amino acid is preferably selected from leu, val, ala or gly. 

39. A vector accoreting to any of claims 32 to 38, wherein the tag is selected from flie 
3x FLAG epitope, 3x MYC epitope, HA epitopes or an hemagglutinin epitope. 

25 

40. The vector according to any of claims 32 to 39, wherein the site capable of recei- 
ving a further sequence according to element (5d) is selected from a multiple clo- 
ning site or a sequence allowing insertion of the further sequence by in wi/o re- 
combination. 

30 

41 . A vector according to any of claims 32 to 40. wherein the temriinator sequence is 
selected from yeast ADH1 orCYCI temilnators. 
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42. The vector according to any of claims 32 to 41 , wherein the vector contains a 
further sequence encoding a protein or part thereof (the prey protein) which pro- 
tein Is either membrane bound or soluble. 

5 

43. l-iost cell containing the vectors and/or plasmlds as defined In any of claims 9 to 
42. 

44. Use of the kit according to any of claims 9 to 1 7 or of the vector according to any 
10 of claims 18 to 41 in a process for detecting Interaction between a first membrane 

bound protein or part thereof and a second protein or part thereof which is either 
membrane bound or soluble. 

45. Use of the host cell according to claim 43 in a method for detecting an interaction ' 
IS between a first membrane bound protein or part thereof and a second protein or 

part thereof which is either membrane bound c - . ^ ^^^^^ 

46. Use of the kit according to any of claims 9 to 1 7 or the vector according to any of 
claims 1 8 to 41 or the host cell of dalm 43 in a screening process for identifyihg 

20 pharmaceutical drugs.-.- 

47. A mettiod for providing a compound capable of interfering with protein/protein interac- 

tton comprising the following screening steps: 

25 (1 ) providing a ix)st cell according to claim 43. the bait and prey polypeptides 
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(4) 



(2) 



(3) 



being selected such that they interact when expressed in the host ceil; 
Incubating said host cell in the presence and absence of the compound(s) to 
be tested; • 

measuring the difference In reporter gene expression between the incubati- 
on containing the compound(s) to be tested and the Incubation free of the 
compound(s) to be tested; and optionally 

purilying or synthesizing the compound positively tested with the screen. 
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5 Abstract 

The present invention is concerned witli a metliod and a {<it for detecting an interaction 
between a first membrane t)ound test protein or fragment tiiereof and a second test pro- 
tein or fragment tiiereof which is eitiier membrane bound or soluble with an in vivo ge- 
10 netic system leased in yeast, bacterial or mammalian cells. The system makes use of the 
reconstitution of the split ubiquitin protein. 
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